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SAND  COULEE  CREEK 
AND  UPPER  TRIBUTARIES 
FLOOD  HAZARD  ANALYSES 

CASCADE  COUNTY,  MONTANA 


INTRODUCTION 


The  Cascade  County  Commissioners,  Cascade  County  Conservation 
District,  and  the  Montana  Department  of  Natural  Resources  and 
Conservation  requested  this  flood  hazard  study  to  help  solve  local 
flood  problems  a^id  to  determine  the  best  use  of  land  subject  to 
overflow. 

This  flood  hazard  report  is  on  Sand  Coulee  Creek  and  two  of 
its  tributaries o The  tributaries  studied  were  Sand  Coulee  Fork, 
which  flows  through  the  town  of  Sand  Coulee,  and  Cottonwood  Creek. 
Other  towns  in  the  study  area  are  Tracy,  Centerville,  Stockett, 
Brown  (Number  Seven) , and  the  communities  of  Donovan  Park,  Gibson 
Flats,  and  Fields.  See  map  following  page  20 

Flood  hazard  analyses  are  carried  out  by  the  Soil  Conservation 
Service  as  an  outgrowth  of  the  recommendations  in  A Report  by  the 
Task  Force  on  Federal  Flood  Control  Policy,  House  Document  No.  465, 
(89th  Congress — August  10,  1966),  especially  Recommendation  9(c), 
"Regulation  of  Land  Use,"  which  recommended  the  preparation  of 
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preliminary  reports  for  guidance  in  those  areas  where  assistance 
is  needed  before  a full  flood  hazard  information  report  can  be 
prepared  or  where  a full  report  is  not  scheduled. 

Authority  for  funding  flood  hazard  analyses  is  provided  by 
Section  6 of  P.  L.  83-566,  which  authorizes  USDA  to  cooperate 
with  other  federal,  state,  and  local  agencies  to  make  investiga- 
tions and  surveys  of  the  watersheds  of  rivers  and  other  waterways 
as  a basis  for  the  development  of  coordinated  programs 0 

In  carrying  out  flood  hazard  analyses,  the  Soil  Conservation 
Service  is  being  responsive  to  Executive  Order  11296,  dated  August 
10,  1966,  especially  to  Section  1(4) , which  directs  that  "all 
executive  agencies  responsible  for  programs  which  entail  land  use 
planning  shall  take  flood  hazards  into  account  when  evaluating  plans 
and  shall  encourage  land  use  appropriate  to  the  degree  of  hazard 
involved. " 

Priorities  regarding  scheduling,  location,  and  intensity  of 
flood  hazard  studies  are  set  in  cooperation  with  the  Montana 
Department  of  Natural  Resources  and  Conservation. 

In  1971  the  Montana  Legislature  passed  legislation  to  ease 
the  increasing  problem  of  flood  loss  and  damage  in  Montana,  This 
act  was  revised  by  the  1973  Legislature.  The  Montana  Floodway 
Management  and  Regulation  Act,  title  89,  chapter  35,  Revised  Code 
of  Montana,  authorizes  the  Montana  Department  of  Natural  Resources 
and  Conservation  to  initiate  a comprehensive  program  of  floodway 
delineation  and  regulation  for  the  entire  state.  The  purpose  of 
this  state-wide  flood  plain  policy  is  two-fold: 
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1.  To  eliminate  or  minimize  loss  of  life,  personal  suffering, 
and  physical  hardships  which  are  immediate  consequences 

of  serious  floods. 

2.  To  achieve  the  optimum  beneficial  use  of  our  flood  plains 
for  both  private  and  public  benefits . 

Implementation  of  the  State  Floodway  Management  and  Regulation 
Act  proceeds  in  three  successive  phases. 

(1)  First,  areas  adjacent  to  watercourses  subject  to  flooding 
must  be  delineated.  This  report  supplies  the  necessary  technical 
data  to  fulfill  the  first  requirement., 

(2)  The  second  step  in  the  implementation  process  is  a public 
presentation  of  the  floodway  delineation  lines.  This  is  accom- 
plished at  a public  hearing  where  the  boundary  lines  of  the  100-year 
frequency  flood  are  presented  and  discussed..  See  page  4.  Following 
the  public  hearing,  the  100-year  designated  flood  lines  are  recorded 
in  the  office  of  the  County  Clerk  and  Recorder.  The  Department  of 
Natural  Resources  and  Conservation  provides  the  officials  of  the 
political  subdivision  with  floodway  delineation  data,  a copy  of 

the  State  Floodway  Management  and  Regulation  Act,  rules  and  regula- 
tions of  the  Department  of  Natural  Resources  and  Conservation,  and 
minimum  standards  for  land  use  within  the  100-year  floodway0 

(3)  The  third  phase  in  the  implementation  process  is  primarily 
local  action.  As  specified  in  the  state  law,  the  political  sub- 
division must  adopt  land  use  regulations  which  meet  or  exceed  the 
minimum  standards  of  the  Department  within  one  year  after  receiving 
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the  flood  plain  delineation  data  from  the  Department  of  Natural 
Resources  and  Conservation „ If  land  use  regulations  are  not  adopted 
on  the  local  level,  the  designated  or  100-year  floodway  can  be 
enforced  by  the  Department  of  Natural  Resources  and  Conservation. 

Many  land  uses  are  compatible  with  periodic  flooding  and  are 
permitted  within  the  designated  floodway  to  the  extent  that  they 
are  not  prohibited  by  any  other  statute.  Some  "open  space"  uses 
specifically  allowed  within  the  designated  floodway  are  agricul- 
tural uses,  industrial  and  commercial  uses  such  as  loading  areas 
or  parking  areas,  and  open- type  public  and  private  recreation 
areas.  In  addition,  other  land  uses,  including  buildings  for  living 
purposes  or  commercial  structures  and  excavations,  may  be  allowed 
on  the  floodway  fringe  provided  they  are  adequately  f loodproofed. 

Specific  recommendations  on  acceptable  flood  plain  land  uses 
and  State  standards  for  flood  plain  development  will  be  furnished 
to  the  Cascade  County  Conservation  District  and  the  Cascade  County 
Commissioners  by  the  Montana  Department  of  Natural  Resources  and 
Conservation, 

Flood  hazards  increase  in  developing  areas.  Urbanization  means 
new  homes,  schools,  businesses,  streets,  etc.  This  results  in  less 
exposed  soil  to  absorb  precipitation  and,  therefore,  more  storm 
runoff.  Pavements,  roofs,  compacted  soil,  and  storm  sewers  all 
increase  and  speed  up  the  runoff,  increasing  the  flood  hazard 
locally  and  downstream.  See  Plate  9, 

Various  land  uses  in  a developing  area  compete  for  each  parcel 
of  land.  Flood  plain  lands  are  no  exception.  Encroachments  into 
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the  flood  plain  by  land  filling,  railroads,  highways,  channel 
modification,  and  other  developments  can  constrict  the  flow  of 
floodwater.  These  constrictions  can  increase  floodwater  depths  and 
velocities  o 

Managers  and  users  of  flood  plain  land  should  base  their  use 
upon  the  advantages  and  disadvantages  of  locating  within  flood 
hazard  areas.  Knowledge  of  the  hazards  involved  is  not  widespread 
and,  consequently,  managers,  potential  users,  and  occupants  cannot 
always  accurately  assess  the  risks.  In  order  for  flood  plain 
management  to  effectively  play  its  role  in  the  development  of  flood 
plains,  it  is  necessary  to: 

1.  Provide  state  and  local  units  of  government  with  appro- 
priate technical  information  and  interpretations  for  use 
in  flood  plain  management. 

2.  Provide  technical  services  to  managers  of  flood  plain 
property  to  better  coordinate  planning  for  development 
and  appropriate  land  use. 

3C  Improve  basic  technical  knowledge  about  flood  plain 

hazards  in  cooperation  with  other  agencies  and  groups „ 

This  report  contains  nine  (9)  aerial  photomaps  showing  the 
100-year  frequency  flood  lines  along  portions  of  Sand  Coulee  Fork, 
Cottonwood  Creek,  and  Sand  Coulee  Creek.  The  photomaps  also  show 
soils  information,,  Additional  information  in  the  form  of  valley 
cross  sections,  water  surface  profiles,  soils  interpretations, 
photographs,  and  other  related  flood  plain  data  are  also  included. 
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The  10- , 50- , 100- , and  500-year  frequency  floods  were  analyzed. 


A 50-year  frequency  flood  has  an  average  occurrence  of  once  in  50 
years  or  a two  percent  chance  of  occurring  in  any  given  year,  A 
100-year  flood  occurs  once  in  100  years  on  the  average  or  has  a 
one  percent  chance  of  occurring  in  any  given  year.  Only  the  100- 
year  natural  flood  lines  are  shown  on  the  aerial  photomaps,  valley 
cross  sections,  and  water  surface  profiles.  Information  for  the 
10- , 50- , 100- , and  500-year  floods  are  shown  in  flood  plain  refer- 
ence tables.  Elevations  for  other  frequency  storms  can  be  determined 
from  the  basic  support  data  on  file  with  the  Soil  Conservation 
Service , 

This  report  can  be  used  as  a technical  tool  to  help  develop 
local  flood  plain  land  use  and  development  regulations.  It  is 
intended  to  serve  as  a technical  basis  for  determining  needed 
action  to  minimize  flood  damages  and  as  a basis  for  further  study 
and  planning  on  the  part  of  Cascade  County,  the  City  of  Great  Falls, 
Cascade  County  Conservation  District,  and  the  Montana  Department  of 
Natural  Resources  and  Conservation,  Future  action  could  include 
local  planning  programs  to  guide  developments  by  controlling  the 
permitted  uses  of  flood  plains  through  zoning  and  subdivision 
regulations,  the  construction  of  flood  protection  works,  and  combi- 
nations of  the  two  approaches.  Such  solutions  could  include  the 
following  nonstructural  or  preventive  measures: 

Land  Use  Planning 
Flood  Plain  Control  Regulations 
Flood  Plain  Development  Policies 
Flood  Plain  Filling  Regulations 


Flood  Plain  Acquisition 

Flood  Plain  Zoning 

Upstream  Land  Treatment  Program 

Flood  Warning  System 

Flood  Insurance 

Tax  Adjustments 

Health  Regulations 

Building  Codes 

Corrective  or  structural  measures  which  would  complement  the 
preceding  include: 

Floodwater  Retarding  Reservoirs 
Channel  Improvement 
Levees  and  Dikes 
Pumps 

Floodproofing 
Watershed  Treatment 
Urban  Relocation 

The  Montana  Department  of  Natural  Resources  and  Conservation 
and  the  Soil  Conservation  Service  will,  upon  request,  provide 
technical  assistance  to  federal,  state,  and  local  agencies  and 
organizations  in  the  interpretation  and  use  of  the  information 
developed  in  this  study. 


DESCRIPTION  OF  THE  WATERSHED 

The  Sand  Coulee  Creek  Watershed  is  located  in  the  southcentral 
section  of  Cascade  County,  The  drainage  area  lies  within  Cascade 
County  and  encompasses  195  square  miles. 

Sand  Coulee  Creek  heads  near  the  north  flank  of  the  Little 
Belt  Mountains,  approximately  28  miles  south  of  Great  Falls,  Sand 
Coulee  Creek  flows  generally  north  to  near  the  south  edge  of  Great 
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Falls  and  then  west  into  the  Missouri  River,  It  flows  into  the 
Missouri  River  approximately  three  miles  upstream  from  the  Great 
Falls  water  treatment  plant.  Sand  Coulee  Creek  enters  an  ancient 
channel  of  the  Missouri  River  approximately  two  and  one-half  miles 
downstream  from  Tracy  and  continues  to  flow  within  this  channel 
to  the  present  Missouri  River.  This  old  channel  has  a fairly  flat 
downstream  slope,  approximately  five  feet  per  mile,  and  varies 
from  one-half  mile  to  three- fourths  mile  in  width.  Maximum  eleva- 
tion of  the  watershed  is  7,130  feet  mean  sea  level  (msl)  in  the 
Little  Belt  Mountains,  The  minimum  elevation  is  3,313  feet  msl  at 
the  Missouri  River, 

Land  use  in  the  watershed  is  primarily  rangeland  and  dry 
cropland,  and  a small  portion  of  the  upper  watershed  is  timber 
land. 

Major  tributaries  of  Sand  Coulee  Creek  are  Spring  Coulee, 
Walker  Coulee,  Number  Five  Coulee,  Cottonwood  Creek,  Antelope 
Coulee,  and  Sand  Coulee  Fork.  See  map  following  page  2, 

Spring  Coulee,  with  16.9  square  miles  drainage  area,  heads 
near  Red  Butte  School,  flows  generally  north  and  runs  into  Sand 
Coulee  Creek  near  Fields, 

Walker  Coulee,  with  a 6.5  square  miles  drainage  area,  heads 
at  Red  Butte  and  flows  into  Sand  Coulee  Creek  approximately  one 
mile  upstream  from  the  mouth  of  Spring  Coulee. 

Sand  Coulee  Fork  has  a drainage  area  of  6.4  square  miles,  also 
heads  near  Red  Butte  and  flows  generally  northwest  through  Sand 
Coulee  (town)  and  joins  Sand  Coulee  Creek  at  Tracy. 
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Number  Five  Coulee,  with  a 26.9  square  miles  drainage  area, 
joins  Cottonwood  Creek  between  Stockett  and  Centerville. 

Cottonwood  Creek  has  a 10.4  square  miles  drainage  area,  upstream 
from  Stockett,  flows  through  Stockett  and  joins  Sand  Coulee  Creek 
at  Centerville. 

Antelope  Coulee,  with  9.3  square  miles  of  drainage  area,  is 
the  easternmost  tributary.  It  flows  generally  northwest  through 
the  lower  portion  of  Johnson  Flats  and  joins  Sand  Coulee  Creek 
at  Gerber. 

Average  annual  precipitation  for  the  area  varies  from  30  inches 
in  the  Little  Belt  Mountains  to  14  inches  near  Great  Falls. 

The  area  is  commonly  swept  by  high  westerly  winds.  These  winds 
often  create  a "chinook"  condition  in  March  and  April  which  rapidly 
melts  the  winter  snow  and  causes  flooding  while  the  ground  is  still 
frozen.  Major  flooding  occurs  when  rainstorms  are  combined  with 
the  heaviest  snowmelt  in  May  and  June.  Flooding  is  also  caused  by 
high  intensity  rainstorms  later  in  the  summer.  Floods  that  damage 
crops  have  occurred  one  year  in  three.  Cropland  along  the  narrow 
valley  bottoms  of  the  upper  watershed  and  in  the  broad  floodplain 
of  the  lower  watershed  receive  flooding  from  even  minor  storms. 

Major  floods  in  the  watershed  have  occurred  in  1894,  1899, 

1908,  1927,  1936,  1953,  1958,  1964,  1965,  1966,  and  1969.  Some 
floods  have  affected  particular  parts  of  the  watershed  more  than 
others . 

There  are  no  known  streamflow  gaging  stations  on  Sand  Coulee 
Creek  or  its  tributaries. 
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Streamflow  usually  follows  a seasonal  pattern  with  high 
discharges  in  the  spring  and  low  flows  during  fall  and  winter  months. 
It  is  not  unusual  for  surface  flow  in  the  main  channel  between  Tracy 
and  the  Missouri  River  to  be  nonexistent  during  late  fall  and  winter. 

GEOLOGY 

The  Sand  Coulee  Creek  Watershed  is  underlain  by  a thick  sequence 
of  sedimentary  rocks.  Many  of  these  rocks  are  porous  and  will  store 
and  transmit  ground  water.  The  sedimentary  rocks  dip  gently  north- 
ward except  in  the  upper  watershed  where  they  are  folded  upward  and 
exposed  in  the  foothills  and  flanks  of  the  Little  Belt  Mountains. 

The  high  precipitation  in  this  area  serves  as  recharge  for  much  of 
the  ground  water  that  is  present  in  bedrock  aquifers  in  the  Sand 
Coulee  Creek  Watershed.  The  oldest  formation  exposed  in  the  drainage 
is  the  Mission  Canyon.  It  consists  of  thick  layers  of  limestone  and 
dolomite  that  outcrop  near  Stockett  and  south  of  Centerville.  The 
upper  layers  of  the  Mission  Canyon  contain  cavernous  zones  which 
store  and  transmit  large  quantities  of  ground  water. 

Overlaying  the  Mission  Canyon  formation  is  a massive  sandstone 
known  as  the  Swift  Sandstone.  This  formation  is  exposed  in  Number 
Five  Coulee,  Cottonwood  Creek,  and  Sand  Coulee  Creek  near  Centerville. 
The  Swift  varies  in  thickness  from  a few  feet  to  30-40  feet  and  will 
store  and  transmit  small  to  moderate  amounts  of  ground  water. 

The  Morrison  Formation  consists  of  120  to  180  feet  of  claystone, 
sandstone,  and  siltstone,  and  overlays  the  Swift  Formation.  The 
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Morrison  outcrops  along  all  major  drainages  in  the  area  and,  due  to 
its  low  resistance  to  erosion,  forms  gentle  slopes.  Bituminous 
coal  deposits  in  the  S tockett-Sand  Coulee  area  are  found  in  the 
upper  part  of  the  Morrison  Formation  and  are  overlain  by  sandstone 
bedrock  layers.  These  deposits  have  been  extensively  mined.  The 
coal  deposits  in  the  watershed  contain  small  pyrite  (Ferric  sulfide) 
nodules  which  oxidize  and  form  sulfuric  acid  when  exposed  to  oxygen 
and  water.  The  coal  seams,  ranging  from  four  to  seven  feet  in  thick- 
ness, were  the  principal  producing  horizons  in  the  coal  mines. 

The  coal-bearing  portion  of  the  Morrison  has  a low  permeability  and 
acts  as  a barrier  to  ground  water  movement. 

The  Kootenai  Formation  overlays  the  Morrison.  It  consists 
of  various  alternate  layers  of  sandstone,  siltstone,  mudstone,  clay- 
stone,  and  limestone.  In  the  Sand  Coulee  Creek  drainage,  the 
Kootenai  has  undergone  considerable  erosion  and  varies  in  thickness 
from  zero  to  about  250  feet.  These  sandstone  layers  store  and  trans- 
mit large  quantities  of  ground  water.  This  formation  is  present 
at  the  ground  surface  in  much  of  the  drainage. 

The  deeply  incised  drainage  system  in  the  watershed  has  cut 
through  and  exposed  several  high-yielding  ground  water  aquifers, 
leaving  the  water  free  to  escape  as  springs.  These  springs  furnish 
most  of  the  base  flow  in  Sand  Coulee  Creek  and  its  major  tributaries „ 

The  presence  of  large  amounts  of  ground  water  and  extensive 
coal  mine  tunnels  have  resulted  in  a water  quality  problem  in  the 
lower  Sand  Coulee  Creek  Watershed.  The  sandstone  strata  that 
overlie  the  coal  deposits  emit  ground  water  into  mine  workings  where 
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metallic  sulfides  are  exposed  to  atmospheric  oxygen.  Sulfuric 
acid  that  has  been  produced  is  then  leached  out  of  the  coal  and  is 
expelled  from  the  mine  as  toxic  acid  mine  water. 

MINING  HISTORY 

There  is  evidence  of  over  100  coal  mines  in  the  area.  The 
Nelson  mine  east  of  the  town  of  Sand  Coulee  opened  about  1880. 

It  was  the  first  mine  in  the  area.  The  railroad  to  Sand  Coulee  was 
completed  in  1888.  The  major  portion  of  the  coal  was  used  for  rail- 
road locomotive  fuel.  Subsequently,  a few  major  mines  and  many 
small  mines  were  developed.  The  Cottonwood  and  Giffen  were  the 
largest  mines  in  the  area  with  reported  productions  of  1,800  and 
6,000  tons  per  day,  respectively.  Shortly  after  World  War  II,  all 
of  the  mines  had  closed,  although  some  individuals  mined  coal  for 
domestic  use.  At  present,  coal  mining  in  the  study  area  is  not 
evident. 

ACID  MINE  WATER 

Approximately  25  miles  of  Sand  Coulee  Creek  and  its  tribu- 
taries are  seriously  affected  by  acid  mine  drainage.  Major  streams 
in  the  study  area  show  a yellow  deposit  or  suspension.  Such  a 
stream  passes  through  or  near  each  community  in  the  drainage  area. 
Although  acid  flows  from  many  sources  in  the  watershed.  Sand  Coulee 
Fork  contributes  75  percent  of  the  acid  load  to  Sand  Coulee  Creek, 
and  Cottonwood  Creek,  16  percent.  The  water  quality  of  Sand  Coulee 
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Creek  deteriorates  as  it  flows  downstream,.  Acid  stains  appear 
along  the  channel  all  the  way  to  the  Missouri  River. 

Plant  growth  appears  to  be  normal  along  the  stream  banks, 
but  is  not  evident  in  many  reaches  of  the  stream  bottom.  Sediment 
deposits  along  the  stream  often  contain  acid  in  sufficient  concen- 
trations to  cause  burns  on  humans  and  animals . 

During  spring  runoff.  Sand  Coulee  Creek  and  Sand  Coulee  Fork 
often  overflow  low  banks.  Such  areas  are  between  the  towns  of 
Sand  Coulee  and  Tracy „ Where  acid  has  been  transported  in  quanti- 
ties into  flood  plain  areas,  plant  growth  has  been  reduced  or 
eliminated. 

Water  in  Sand  Coulee  Creek  downstream  from  Centerville  is  too 
toxic  to  be  used  for  irrigation  or  stock  water.  Some  benefit  to 
cropland  occurs  during  flooding  when  acid  water  is  sufficiently 
diluted. 

SOILS 

The  soils  information  in  this  report  is  confined  to  the  flood 
plain  and  the  adjacent  terraces  and  alluvial  fans.  The  soils  of 
this  survey  area  are  mainly  silty  clay  loam  and  clay  loam  in  the  sur- 
face layers;  however,  significant  areas  in  the  Johnson  and  Gibson 
Flats  portion  of  the  study  area  are  silty  clays.  Most  of  these  soils 
are  underlain  by  deep  valley  fill  of  relatively  slow  permeability. 

The  soils  are  mostly  well  drained  and  runoff  is  slow  due  to  the 
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broad  areas  of  nearly  level  land,  See  Plates  3 and  5.  Small  areas 
along  Sand  Coulee  Creek  are  moderately  well  drained.  Slopes  are 
nearly  level  to  strongly  sloping  within  the  study  area. 

Soil  boundaries  and  symbols  are  printed  in  red  on  the  photomaps. 
Eighteen  mapping  units  have  been  identified  and  detailed  descriptions 
and  interpretations  are  found  in  Appendix  A. 

SOURCES  OF  DATA 

Basic  data  used  in  this  study  include  U.  S.  Geological  Survey 
(USGS)  topographic  maps,  bench  marks  (BM) , and  streamflow  records 
outside  the  watershed;  U,  S„  Forest  Service  (USFS)  maps;  Cascade 
County  road  maps  and  plat  maps;  Cascade  County  Conservation  District 
map;  report  to  Montana  Board  of  Health,  "Acid  Mine  Waste  Pollution 
Abatement,  Sand  Coulee  Creek,  Montana,"  by  G.  M.  McArthur;  and  the 
Great  Falls  "Tribune."  The  photomaps  are  1972  aerial  photographs 
taken  by  the  Montana  State  Highway  Department.  Soil  data  are  taken 
from  "Soil  Survey  of  Cascade  County  Area,  Montana." 

Other  physical  data  were  obtained  from  locally  available  maps 
and  engineering  field  surveys.  Water  surface  profile  determinations 
were  made  using  available  SCS  Automatic  Data  Processing  programs 
to  establish  elevation-discharge  relationships.  Flows  for  various 
frequency  events  were  determined  from  a synthetic  hydrologic  analysis 
and  correlated  with  a regional  analysis  of  streamflow  records  avail- 
able from  gages  outside  the  watershed. 

The  water  surface  profile  elevation-discharge  relationships  were 
used  to  establish  flood  elevations  for  the  various  events  at  each 
surveyed  cross  section. 
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Engineering  field  surveys  were  made  by  SCS  field  crews.  Flood 
lines  were  located  between  valley  cross  sections  by  stereoscopic 
interpretations,  additional  field  surveys,  and  historical  records 
of  high  water  marks. 

Water  surface  profile  computations  at  bridges  are  based  on 
present  normal  bridge  openings.  Consideration  was  not  given  to 
possible  blockage  of  bridge  openings  by  ice,  sediment,  or  other 
debris  nor  any  future  enlargement.  Flood  plain  filling  and  other 
encroachments  also  can  affect  the  computed  water  surface  profiles. 
Computations  for  this  study  considered  only  conditions  in  the  flood 
plain  at  the  time  field  surveys  were  made.  Future  flood  plain  and 
watershed  development  and  modification  will  require  revised  water 
surface  profile  computations. 

GIBSON  FLATS 

Gibson  Flats  is  located  in  a depression  on  the  flood  plain  and 
has  a history  of  flooding  problems.  See  Plates  5,  8,  11,  13,  and 
14.  This  floodwater  comes  from  three  sources:  (1)  local  runoff, 

(2)  overflow  from  Sand  Coulee  Creek  near  junction  of  Lyman  Cutoff 
Road  and  Gibson  Flats  Road,  and  (3)  "backup"  from  Sand  Coulee  Creek. 

The  local  runoff  problem  is  due  to  the  lack  of  a drainage 
channel  through  the  area.  The  area  acts  as  a retarding  reservoir 
discharging  only  when  the  runoff  is  sufficient  to  cause  ponding  to 
a depth  that  will  force  water  to  flow  southward  over  a slight  rise 
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to  Sand  Coulee  Creek.  The  contributing  drainage  area  for  Gibson 
Flats  is  5,120  acres,  of  which  200  acres  are  urban  development  within 
the  city  limits  of  Great  Falls.  Runoff  from  developed  areas  dis- 
charges more  storm  water  per  acre  than  does  farmland  and  grassland. 

See  storm  sewer  outlet,  Plate  9.  At  present,  this  area  is  less  than 
five  percent  of  the  total  drainage  area.  The  frequency  of  flooding 
and  the  amount  of  runoff  could  increase  with  the  continued  construc- 
tion of  suburban  homes,  roads,  highways,  and  additional  subdivisions 
to  the  city  of  Great  Falls. 

The  second  source  of  flooding  is  high  water  from  Sand  Coulee 
Creek,  which  can  enter  Gibson  Flats  from  the  east.  See  Figure  1„ 
Floodwater  can  overtop  the  Gibson  Flats  Road  (E  1/2,  Sec  27,  T20, 

R4E)  and  reach  levels  which  are  sufficient  to  cause  flows  around 
the  north  side  of  the  hill  (SE  1/4,  Sec  22,  T20N,  R4E)  that  is 
directly  east  of  Gibson  Flats.  A low  divide  that  exists  on  the  flood 
plain  east  of  the  hill  is  only  0.5  feet  above  the  low  point  on  Gibson 
Flats  Road.  See  page  37.  County  bridge  No.  317  on  the  Gibson  Flats 
Road  consists  of  two  6-foot-diameter  culverts.  These  culverts  have  an 
approximate  capacity  of  500  cubic  feet  per  second.  A storm  of  10- 
year  frequency  or  greater  would  exceed  the  capacity  of  these  culverts. 

The  third  source  of  flooding  for  Gibson  Flats  is  backup  water 
from  Sand  Coulee  Creek.  Most  of  the  floodwater  coming  down  Sand 
Coulee  Creek  remains  on  the  north  side  of  the  railroad  track  after 
it  flows  over  the  Gibson  Flats  Road.  Some  of  this  water  is  then 
forced  onto  Gibson  Flats  because  of  the  inadequate  bridge  capacity 
under  the  railroad  and  the  channel  restriction  between  the  railroad 
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and  the  hills  to  the  north  below  the  Gibson  Flats  outlet.  Water 
normally  flows  out  of  Gibson  Flats  into  Sand  Coulee  Creek.  However, 

because  of  the  extremely  flat  topography  and  bridqe  and  channel 
restriction,  water  is  "backed  up"  during  high  flood  stages.  See 
page  37.  The  lack  of  an  adequate  outlet  in  Gibson  Flats  has  caused 
floodwater  to  remain  ponded  for  several  weeks  in  the  past. 

A combination  of  all  three  sources  of  flooding  during  a 100- 
year  storm  would  cause  water  to  reach  depths  of  six  feet  in  the 
Gibson  Flats  community,, 

Possible  structural  measures  or  combinations  of  measures  that 
could  alleviate  flood  problems  for  Gibson  Flats  include:  (1)  diking, 

(2)  channeling,  (3)  pumping,  (4)  enlargement  of  culverts  and  bridges, 
or  (5)  urban  relocation.  Future  development  should  be  restricted 
pending  the  solution  of  flooding  problems  in  this  area. 


-18- 


PLATE  1 


GREAT  FALLS  TRIBUNE  PHOTO  4-6-66 


Water  levels  are  checked  frequently  as  floodwaters  threaten  Tracy. 


GREAT  FALLS  TRIBUNE  PHOTO  GREAT  FALLS  TRIBUNE  PHOTO 

People  stand  helplessly  by  as  Sand  Coulee  Creek  becomes  a small  river 
separating  them  from  homes  and  livestock . Rapid  runoff  from  warm 
chinook  winds  created  widespread  flooding  conditions . 


PLATE  2 
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PLATE  3 
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U.  S.  AIR  FORCE  PHOTO  - MARCH  11,  1966 


Sand  Coulee  Creek  spreads  over  bottom  land  east  o±  Donovan 
Park  and  the  lower  reaches  of  the  flood  plain.  This  flood- 
ing was  caused  by  warm  chinook  winds  which  rapidly  melted 
the  snow.  This  is  the  most  common  cause  of  flooding  in 
the  area. 


U.  S„  AIR  FORCE  PHOTO  - MARCH  11,  1966 


PLATE  4 


U.  S.  AIR  FORCE  PHOTO  - MARCH  11,  1966 


Top  picture  shows  flooding  west  of  Fields.  Donovan  Park 
is  in  the  background.  Note  farm  headquarters  in  center 
of  photo.  A closeup  of  this  farmstead  is  shown  below. 


U.  S.  AIR  FORCE  PHOTO  - WRCH  11,  1966 


PLATE  5 
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PLATE  6 


GREAT  FALLS  TRIBUNE  PHOTO 

Floodwater  often  threatens  the  Centerville  School  on  Sand 
Coulee  Creek  as  shown  in  April  1966.  Water  covered  the 
football  field  and  almost  reached  the  school  walls.  All 
gullies  gushed  water  as  snow  melted  in  the  nearby  Sand 
Coulee  and  Stockett  areas. 


GREAT  FALLS  TRIBUNE  PHOTOS 


PLATE  7 


GREAT  FALLS  TRIBUNE  PHOTO 


The  limp  body  of  a cat  hangs  on  a fence — a victim  of  the  floodwaters  that 
cascaded  down  Sand  Coulee  Creek  from  snowmelt  March  18,  1969. 


PLATE  8 


GREAT  FALLS  TRIBUNE  PHOTO  - 1969 


Trash  hangs  in  trees  at  Centerville  as  a reminder  of  high  flood  flows. 
Debris  often  plugs  bridges  and  culverts , increasing  flood  damages. 


GREAT  FALLS  TRIBUNE  PHOTO  - 1969 


Floods  create  many 
problems  and  expenses 
to  owners  trying  to 
protect  and  save 
property . 


PLATE  9 


Storm  sewer  discharging 
onto  Gibson  Flats  from 
a residential  area  of 
Great  Falls.  Continued 
urban  buildup  could 
increase  flood  problems. 
Note  the  erosion  and 
source  of  sediment. 


SCS  PHOTO 


Several  bridges  and  culverts 
are  in  need  of  maintenance 
to  improve  hydraulic 
capacity . 


SCS  PHOTO  Mt-P1098-5 


SCS  PHOTO  Mt-P1089-3 


PLATE  10 


SCS  PHOTO 


Debris,  filth,  and  pollution  in  the  stream  channel  in  the  town  of  Sand 
Coulee.  Sewage  effluent  from  several  homes  in  the  residential  area 
also  discharges  directly  into  the  stream. 


Acid  water  flows  from  the 
entrance  of  an  abandoned 
mine  in  the  Gif fen  area. 
There  are  about  40  mines 
that  discharge  various 
amounts  of  acid  water  into 
Sand  Coulee  Creek. 


SCS  PHOTO 


PLATE  11 
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SCS  PHOTO  Mt-P 1 097- 1 4 


Fl ood proof i ng 
measures  such  as 
dikes  and  walls 
are  not  only 
expensive , but 
are  often 
inadequate  for 
large  storms. 


SCS  PHOTO  Mt-P T 098- 1 5 


SCS  PHOTO 


STUDY  RESULTS  AND  APPLICATION 


This  flood  hazard  study  focused  on  developing  information 
about  the  100-year  flood  plain  area  in  the  Sand  Coulee  Creek  Water- 
shed. Much  of  the  information  is  interrelated  and  specific  data 
often  may  be  obtained  from  this  report  in  several  ways.  The  data 
developed,  including  water  surface  profiles  and  delineated  flood 
lines,  are  based  on  existing  watershed  cover,  present  flood  plain 
use,  and  existing  channel  conditions. 

Plates  12  to  15  show  visually  the  depth  of  the  100-year  fre- 
quency flood  at  specific  locations 0 Following  the  plates  are  the 
Flood  Hazard  Area  photomaps  showing  the  area  affected  by  the 
100-year  flood,  the  location  of  flood  plain  cross  sections,  and  the 
soils  delineations o Channel  Bottom  and  Water  Surface  Profiles 
sheets  and  Typical  Valley  Cross  Section  sheets  follow  the  photomaps 0 
These  sheets  show  the  profile  of  the  100-year  flood  and  shape  of 
selected  valley  cross  sections.  See  pages  26-39. 

Appendix  A contains  descriptions  and  interpretations  for  the 
soils  symbols  shown  on  the  aerial  photomaps.  Soils  data  correlate 
with  flood  plain  information  and  can  be  used  for  land  use  planning. 

Appendix  B provides  supplemental  data  and  tables  for:  flood 

frequency  discharges,  elevations  of  various  frequency  floods,  bridges 
and  culverts,  increased  depth- remaining  floodway  widths,  and  infor- 
mation on  bench  marks  0 
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For  information  about  the  estimated  floodwater  elevation  at 


a specific  location,  refer  to  the  aerial  photomaps  to  determine 
where  this  location  is  relative  to  the  nearest  upstream  and  down- 
stream surveyed  cross  sections.  Interpolation  is  necessary  between 
cross  sections  to  arrive  at  an  estimated  floodwater  elevation  from 
flood  plain  reference  data  tables,  Appendix  B. 

Another  method  to  determine  a floodwater  elevation  at  a specific 
location  is  to  estimate  the  channel  station  near  the  location  in 
question  from  the  stations  shown  on  the  maps.  Next,  find  the  loca- 
tion of  that  station  on  the  profile  sheets.  Read  the  flood  elevation 
directly  from  the  sheet  by  going  vertically  from  the  station  scale 
to  the  plotted  floodwater  line  and  then  horizontally  to  read  the 
elevation. 

The  preceding  methods  will  give  flood  elevations  on  the  flood 
plain  for  all  sections  except  those  footnoted  in  the  flood  plain 
reference  data  tables „ The  flood  plain  at  the  footnoted  cross 
sections  is  lower  than  the  main  channel  bank  and  is  therefore  subject 
to  overland  flow  of  varying  depths.  As  Sand  Coulee  Creek  flows 
beyond  Tracy,  the  flood  plain  widens  and  becomes  less  definable „ 

There  are  many  old  channels  and  meanders  in  the  valley  floor  caused 
by  natural  and  man-made  channel  changes.  When  the  flow  reaches 
flood  stage,  waters  from  the  main  channel  overflow  into  these  old 
side  channels.  This  overflow  water  may  run  in  these  old  side  channels 
for  a considerable  distance  before  it  rejoins  the  main  channel. 

This  flow  causes  "islands"  or  isolated  areas  in  the  flood  plain., 
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The  delineated  areas  subject  to  inundation  on  the  photomaps 
are  general  in  nature  and  may  include  small  areas  that  do  not  flood 
or  vice  versa.  See  Plates  3 and  4. 

Flooding  conditions  in  Tracy,  Sand  Coulee,  and  Donovan  Park 
differ  from  flooding  in  the  open  areas.  The  100-year  frequency 
flood  profile,  as  shown  on  the  channel  bottom  and  water  surface 
profiles  and  flood  plain  reference  data,  is  based  on  computed  data. 
These  high  water  elevations  are  considered  to  be  representative  of 
flow  levels  near  the  stream  channel  and  are  estimated  for  flow 
levels  one  or  more  city  blocks  from  the  channel.  As  floodwater 
leaves  the  channel,  it  is  divided  and  diverted  by  buildings,  fences, 
and  other  obstacles.  Because  of  shallow  depths  that  prevail,  these 
out-of-channel  flows  will  generally  follow  along  roads  and  streets. 
The  water  surfaces  in  these  instances  will  vary  from  the  published 
data  for  the  cross  section,, 


CONSIDERATIONS  FOR  LOCAL  REGULATIONS 

Flood  damage  prevention  can  only  be  achieved  through  proper 
recognition  of  the  hazards  associated  with  flood  plain  development. 
County  commissioners  and  other  responsible  local  officials  should 
take  the  steps  necessary  to  regulate  and  control  structural  develop- 
ment in  the  Sand  Coulee  Area.  Zoning  and  subdivision  regulations 
are  two  regulatory  tools  available  to  local  officials  to  control 
and  prevent  unwise  developments  in  flood  prone  areas.  Comprehensive 
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planning  is  a necessary  prerequisite  for  zoning,  and  flood  plain 
limitations  are  an  important  consideration  for  land  use  planning 
in  the  Sand  Coulee  area. 

Land  use  regulation  for  the  flood  prone  areas  along  Sand  Coulee 
Creek  should  include  the  following  provisions: 

1.  The  100-year  flood  area  should  be  reserved  for  agricultural 
and  other  essentially  open-space  uses. 

2.  Residential  and  commercial  uses  should  be  located  outside 
the  100-year  flood  area. 

3.  Minor  structures,  if  permitted  in  flood  prone  areas,  should 
be  suitably  anchored  to  prevent  flotation., 

4.  No  use  should  be  allowed  that  increases  the  elevation  of 
the  100-year  flood  more  than  0.5  foot. 

Table  12  indicates  the  amount  the  total  flood  area  must  be 
constricted  to  cause  a 0.5-foot  or  1.0- foot  increase  in  flood  ele- 
vation and  can  be  used  to  estimate  the  effect  of  individual  develop- 
ments. This  reduction  in  floodway  width  is  based  on  equal  reduction 
in  the  floodway  conveyance  factors  on  both  sides  of  the  channel. 

A two-zone  f loodway-f lood  plain  approach  may  be  a desirable 
way  to  meet  arguments  that  severe  restrictions  on  the  use  of  private 
property  within  the  floodway  "take"  such  property.  A flood  plain 
zoning  approach  which  restricts  the  entire  100-year  flood  plain  to 
only  open  space  uses  is  vulnerable  to  such  attack,  particularly 
in  urban  areas  with  high  land  values,  A two-zone  approach  which 
permits  some  flood-protected  development  in  the  outer  fringe  of  the 
flood  plain  area,  but  severely  restricts  development  only  in  inner 
floodway  areas,  is  more  likely  to  withstand  such  an  attack.. 
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If  the  designated  flood  plain  is  narrowed,  adequate  structural 
measures  should  be  required.  Narrowing  of  the  designated  flood 
plain  will  increase  flood  depths  and  damages  to  existing  property 
within  the  remaining  floodway  area. 

An  alternate  to  be  considered  would  be  the  acquisition  of 
flowage  easements  along  each  bank  of  the  stream.  This  procedure 
would  allow  the  area  to  pursue  a long-range  program  of  channel 
improvements.  Nonconforming  uses  would  be  eliminated,  future  encroach- 
ments prevented,  and  channel  maintenance  assumed  as  a county  and 
town  responsibility „ 

The  impact  of  the  acid  mine  water  problem  should  be  given 
special  consideration  in  any  land  use  regulations  that  are  established 
for  the  flood  plain.  The  presence  of  high  concentrations  of  acid 
mine  water  in  the  stream  would  impose  a severe  limitation  on  the 
use  of  the  land  that  would  ordinarily  be  compatible  with  flood  plain 
development. 

The  Montana  Department  of  Natural  Resources  and  Conservation 
will  provide  assistance  to  local  officials  considering  zoning  and/or 
subdivisions  regulations  to  prevent  flood  damage. 


CONTINUED  OBSERVATIONS 

The  data  presented  in  this  report  have  been  derived  from  a 
limited  history  of  past  flood  events.  Observation  of  future  flood 
heights  and  flood  quantities  should  be  continued  and  the  computed 
values  checked  and  refined  by  these  observations.  The  assistance 
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of  individuals  in  the  flood  plain  is  required  in  this  future  obser- 
vation program.  Local  residents  should  be  encouraged  to  make  accurate 
observations,  including  photographs  of  flood  heights  on  their 
properties.  These  data  should  be  collected  and  reported  to  the 
local  government  units. 
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PLATE  12 


SCS  PHOTO  1 1 -022-B-l 0 

Depth  of  100-year  frequency  flood  over  bridge  326  in  Sand  Coulee. 

(Valley  Cross  Section  No.  95) 


SCS  PHOTO  1 1 -022-B-9 

Depth  of  100-year  frequency  flood  one  block  south  of  the  Sand 
Coulee  Post  Office.  (Valley  Cross  Section  No.  .90) 


PLATE  13 


SCS  PHOTO  1 1 -022-B-l  3 

Depth  of  100-year  frequency  flood  at  the  road  intersection  of  the 
Sand  Coulee  Road  and  Tracy  Road  near  Tracy.  (Valley  Cross  Section 
No.  45) 


SCS  PHOTO  1 1 -022-B-6 

Depth  of  100-year  frequency  flood  along  Gibson  Flats  Road  and  Eaton 
Avenue -looking  southeast. 


PLATE  14 


SCS  PHOTO  1 1 -022-B-7 

Depth  of  100-year  frequency  flood  in  Gibson  Flats -looking  north  on 
Eaton  A&enue. 
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SCS  PHOTO  1 1 -022-B-l 4 

Depth  of  100-year  frequency  flood  at  the  first  bridge  east  of  Fields 
on  Fields  Road.  (Valley  Cross  Section  No.  18) 


PLATE  15 


SCS  PHOTO  11-022-7 

Depth  of  100-year  frequency  flood  at_  the  bridge  over  Sand 
Coulee  Creek  on  Ayrshire  Dairy  Road.  (Valley  Cross  Section  No. 8 ) 


SCS  PHOTO  11-022-5 

Depth  of  100-year  frequency  flood  at  bridge  on  River  Drive 
Road  over  Sand  Coulee  Creek.  ( Valley  Cross  Section  No.  2 ) 
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Change  Legend,  Bridges,  from  "Bottom  of  Bridge  Opening"  to 
"Bottom  of  Bridge  Deck." 
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SOILS 

Following  are  descriptions,  explanation  of  interpretations, 
and  Table  of  Interpretations  of  the  12  series  and  the  18  soil 
mapping  units  used  in  this  report.  These  units  have  been  designated 
as  Da,  Fa,  Fb , Fc,  Ga,  Gb,  La,  Lb,  Lc,  Ld,  Ma,  Ra,  Ta,  Tb,  Tc,  Td, 
Va,  and  Ya„  Soil  area  boundaries  and  symbols  are  shown  on  the 
aerial  maps. 

DESCRIPTIONS  OF  SERIES  AND  MAPPING  UNITS 

ABSHER  SERIES  (Fc) 

The  Absher  series  consists  of  deep,  moderately  well  drained, 
nearly  level  soils  on  terraces  along  Sand  Coulee  Creek.  Typically, 
Absher  soils  have  a light  brownish  gray  loam  surface  layer  less 
than  four  inches  thick;  silty  clay  or  clay  subsoils  and  clay  loam, 
silty  clay  loam,  or  silty  clay  underlying  material.  A thin  hard 
crust  forms  on  this  soil  in  cropland  areas  when  the  surface  layer 
dries. 

Permeability  is  very  slow.  The  available  water  capacity  is 
moderate.  Soil  reaction  is  mildly  alkaline  to  about  four  inches 
and  moderately  to  strongly  alkaline  below  that  depth.  Areas  adja- 
cent to  Sand  Coulee  Creek  have  a seasonal  fluctuating  water  table 
and  are  predicted  to  be  subject  to  flooding  by  100-year  frequency 
flood. 

These  soils  are  used  for  nonirrigated  crops  such  as  small  grain 
and  hay. 
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The  mapping  unit  with  about  20  percent  Absher  soil  included 

is : 

(Fc)  Fergus-Absher  silty  clay  loams,  0 to  2 percent  slopes . 

The  Absher  soil  areas  in  this  mapping  unit  occupy  the  slight 
concave  micro-depressions  in  an  irregular  pattern  in  areas  less 
than  one  acre  in  size. 

DOOLEY  SERIES  (Da) 

The  Dooley  series  consists  of  deep,  well  drained,  nearly  level 
to  gently  rolling  soils  on  terraces.  Typically,  Dooley  soils  have 
dark  grayish  brown  sandy  loam  surface  layers;  brown,  sandy  clay 
loam  subsoils  over  grayish  brown  clay  loam  underlying  material. 

Permeability  is  moderate  to  about  two  feet  and  moderately  slow 
to  slow  below  that  depth.  The  available  water  capacity  is  moderate. 
Soil  reaction  is  neutral  to  moderately  alkaline  to  about  two  feet 
and  moderate  to  strongly  alkaline  in  the  underlying  material. 

The  100-year  flood  frequency  prediction  affects  all  or  only 
a portion  of  Dooley  sandy  loam,  1 to  8 percent  slopes  (Da) . 

These  soils  are  used  for  small  grain,  hay,  and  pasture. 

The  mapping  unit  of  the  Dooley  series  recognized  within  the 
area  is: 

(Da)  Dooley  sandy  loam,  1 to  8 percent  slopes. 

FERGUS  SERIES  (Fa,  Fb,  Fc) 

The  Fergus  series  consists  of  deep,  well  drained,  nearly  level 
to  moderately  sloping  soils  on  terraces  and  fans.  Typically,  Fergus 


-41- 


soils  have  brown  clay  loam  surface  layers;  reddish  brown  heavy 
silty  clay  loam  subsoils;  and  silty  clay  loam  underlying  material. 

Permeability  is  moderately  slow.  The  available  water  capacity 
is  high.  Soil  reaction  is  neutral  to  mildly  alkaline  to  about  14 
inches  and  moderately  to  strongly  alkaline  below  that  depth.  Many 
nearly  level  areas  are  subject  to  flooding 0 

Mapping  units  Fergus  silty  clay  loam,  0 to  2 percent  slopes 
(Fa)  and  Fergus-Absher  silty  clay  loam,  0 to  2 percent  slopes 
(Fc)  are  predicted  to  be  mostly  all  subject  to  flooding  during  a 
100-year  frequency  flood.  Parts  of  mapping  unit  Fergus  clay  loam, 

2 to  8 percent  slopes  (Fb)  are  predicted  to  be  subject  to  flooding 
during  a 100-year  frequency  flood. 

These  soils  are  mainly  used  for  nonirrigated  crops  such  as 
small  grain  and  hay. 

Mapping  units  of  the  Fergus  series  recognized  are: 

(Fa)  Fergus  silty  clay  loam,  0 to  2 percent  slopes 
(Fb)  Fergus  clay  loam,  2 to  8 percent  slopes 
(Fc)  Fergus-Absher  silty  clay  loam,  0 to  2 percent  slopes 
The  (Fc)  mapping  unit  includes  areas  of  Absher  silty  clay  loam 
soils  comprising  about  20  percent  of  the  unit.  The  Absher  soils 
differ  in  being  moderate  to  strongly  alkaline  within  about  eight 
inches  of  the  soil  surface. 

GERBER  SERIES  (Ga,  Gb) 

The  Gerber  series  consists  of  deep,  well  drained,  nearly  level 
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soils  on  terraces.  Typically,  Gerber  soils  have  a dark  grayish 
brown,  granular  silty  clay  loam  surface  layer  about  seven  inches 
thick;  a prismatic-blocky , noncalcareous , silty  clay  subsoil;  and 
calcareous,  grayish  brown  to  light  brownish  gray,  silty  clay  loam 
underlying  material. 

Permeability  is  slow.  The  available  water  capacity  is  high. 
Soil  reaction  is  mildly  alkaline  in  the  surface  layer  and  moderate 
to  strongly  alkaline  in  the  subsoil  and  underlying  material. 

Mapping  unit  Gerber  silty  clay  loam,  0 to  2 percent  slopes 
(Ga)  is  predicted  to  be  mostly  all  subject  to  flooding  during  a 
100-year  frequency  flood.  Mapping  unit  Gerber  silty  clay,  0 to 
2 percent  slopes  (Gb)  is  predicted  to  be  subject  to  flooding  during 
a 100-year  frequency  flood. 

These  soils  are  used  for  nonirrigated  crops  such  as  small 
grain  and  hay. 

Mapping  units  of  the  Gerber  series  recognized  within  the  area 

are : 

(Ga)  Gerber  silty  clay  loam,  0 to  2 percent  slopes 

(Gb)  Gerber  silty  clay,  0 to  2 percent  slopes 

LAWTHER  SERIES  (La,  Lb,  Lc) 

The  Lawther  series  consists  of  deep,  well  drained,  nearly  level 
to  moderately  sloping  soils  on  terraces  and  foot  slopes.  Typically, 
Lawther  soils  have  a grayish  brown,  granular,  silty  clay  surface 
layer;  a calcareous,  blocky-structured  silty  clay  subsoil  and  under- 
lying material. 


-43- 


Permeability  is  slow.  The  available  water  capacity  is  high. 
Soil  reaction  is  moderately  alkaline. 

Parts  of  mapping  unit  Lawther  silty  clay,  0 to  2 percent  slopes 
(La)  are  predicted  to  be  subject  to  flooding  during  a 100-year 
frequency  flood.  Parts  of,  or  mostly  all  of,  Lawther  silty  clay, 

2 to  8 percent  slopes  (Lb)  are  predicted  to  be  subject  to  flooding 
during  a 100-year  frequency  flood.  The  Lawther  clay,  overflowed 
(Lc) , is  predicted  to  be  completely  flooded  during  a 100-year 
frequency  flood. 

These  soils  are  used  for  nonirrigated  crops  such  as  small 
grain  and  hay. 

Mapping  units  of  the  Lawther  series  recognized  within  the 
area  are: 

(La)  Lawther  silty  clay,  0 to  2 percent  slopes 
(Lb)  Lawther  silty  clay,  2 to  8 percent  slopes 
(Lc)  Lawther  clay,  overflowed 

LIHEN  SERIES  (Ld) 

The  Lihen  series  consists  of  deep,  well  drained,  nearly  level 
and  gently  rolling  soils  on  terraces.  Typically,  Lihen  soils  have 
a dark  grayish  brown  loamy  sand  surface  layer  about  20  inches  thick. 
It  is  underlain  by  light  brownish  gray  loamy  sand  or  loamy  fine  sand 
underlying  material. 

Permeability  is  rapid.  The  available  water  capacity  is  low. 
Soil  reaction  is  neutral  to  mildly  alkaline  to  about  20  inches  and 
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moderately  alkaline  in  the  underlying  material.  Runoff  is  slow 
and  soils  have  severe  wind  erosion  hazard. 

Parts  of  mapping  unit  Lihen  loamy  fine  sand,  2 to  8 percent 
slopes  (Ld) , is  predicted  to  be  subject  to  flooding  during  a 100- 
year  frequency  flood. 

These  soils  are  used  mainly  for  hay,  pasture,  and  residential 
developments . 

The  mapping  unit  of  the  Lihen  series  recognized  within  the 
area  is: 

(Ld)  Lihen  loamy  sand,  2 to  8 percent  slopes 
MCKENZIE  SERIES  (Ma) 

The  McKenzie  series  consists  of  deep,  poorly  drained,  nearly 
level  soils  on  flood  plains  and  in  depressions.  Typically,  McKenzie 
soils  have  a gray  clay  surface  layer  over  olive  gray  and  gray  clay 
underlying  material. 

Permeability  is  very  slow.  The  available  water  capacity  is 
high.  Soil  reaction  is  moderate  to  strongly  alkaline.  Runoff  from 
higher  lying  land  floods  these  soils  for  several  days  or  weeks 
following  heavy  rains  or  snowmelt. 

This  soil  is  used  mainly  for  the  production  of  small  grain. 

The  mapping  unit  of  the  McKenzie  series  recognized  within 
this  area  is: 

(Ma)  McKenzie  clay 
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RIVRA  SERIES  (Ra) 


The  Rivra  series  consists  of  somewhat  excessively  drained, 
nearly  level  soils  on  low  terraces  and  flood  plains.  Typically, 
Rivra  soils  have  a brown  fine  sandy  loam  or  gravelly  loam  surface 
layer  and  very  gravelly  and  cobbly  loamy  sand  underlying  material. 

Permeability  is  very  rapid.  The  available  water  capacity  is 
very  low.  Soil  reaction  is  mildly  alkaline  to  moderately  alkaline. 
These  soils  are  subject  to  occasional  flooding  and  have  a water 
table  above  three  feet  at  some  period  during  most  years. 

These  soils  are  used  mainly  for  range  or  pasture. 

The  mapping  unit  of  the  Rivra  series  recognized  within  the 
area  is : 

(Ra)  Rivra  loam 

TALLY  SERIES  (Ta,  Tb) 

The  Tally  series  consists  of  deep,  well  drained,  nearly  level 
to  strongly  sloping  soils  on  terraces  and  foot  slopes.  Typically, 
Tally  soils  have  a grayish  brown,  fine  sandy  loam  surface  layer; 
a brown,  fine  sandy  loam  subsoil;  and  light  gray,  calcareous,  sandy 
loam  underlying  material. 

Permeability  is  moderately  rapid.  The  available  water  capacity 
is  low.  Soil  reaction  is  neutral  to  mildly  alkaline  to  about  15 
inches  and  moderately  alkaline  below  that  depth.  Runoff  is  slow 
and  soils  have  severe  wind  erosion  hazard. 

These  soils  are  used  for  small  grains,  hay,  and  pasture  and 
for  residential  developments. 
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Parts  of  mapping  units  Tally  fine  sandy  loam,  0 to  2 percent 
slopes  (Ta) , and  Tally  fine  sandy  loam,  2 to  15  percent  slopes  (Tb) , 
are  predicted  to  be  subject  to  flooding  during  a 100-year  frequency 
flood. 

Mapping  units  of  the  Tally  series  recognized  within  the  area 

are : 

(Ta)  Tally  fine  sandy  loam,  0 to  2 percent  slopes 
(Tb)  Tally  fine  sandy  loam,  2 to  15  percent  slopes 

TWIN  CREEK  (Tc,  Td) 

The  Twin  Creek  series  consists  of  deep,  well  drained,  nearly 
level  to  moderately  sloping  soils  on  terraces  and  foot  slopes. 

Typically,  Twin  Creek  soils  have  a dark  brown  loam  surface  layer; 
a reddish  brown,  prismatic-blocky , loam  subsoil  layer;  and  a calcareous, 
reddish  brown,  stratified,  loam  and  silt  loam  underlying  material. 

Permeability  is  moderate.  The  available  water  capacity  is 
high.  Soil  reaction  is  neutral  to  mildly  alkaline  to  about  15  inches 
and  moderately  alkaline  below  that  depth. 

These  soils  are  used  for  nonirrigated  crops  such  as  small  grain 
and  hay.  They  are  also  used  for  residential  developments. 

Mapping  unit  Twin  Creek  silty  clay  loam,  0 to  2 percent  slopes 
(Tc) , is  predicted  to  be  mostly  all  subject  to  flooding  during  a 
100-year  frequency  flood.  Mapping  unit  Twin  Creek  loam,  2 to  8 
percent  slopes  (Td)  in  narrow  drainageways , is  predicted  to  be 
mostly  all  subject  to  flooding  during  a 100-year  frequency  flood. 
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Mapping  units  of  the  Twin  Creek  series  recognized  within  the 


area  are: 

(Tc)  Twin  Creek  silty  clay  loam,  0 to  2 percent  slopes 
(Td)  Twin  Creek  loam,  2 to  8 percent  slopes 

VELVA  SERIES  (Va) 

The  Velva  series  consists  of  deep,  well  drained,  nearly  level 
soils  on  stream  terraces.  Typically,  Velva  soils  have  a dark, 
grayish  brown,  fine  sandy  loam  surface  layer  and  a calcareous,  light 
brownish  gray,  stratified  fine  sandy  loam,  loamy  fine  sand,  or  loam- 
textured  underlying  material. 

Permeability  is  moderate.  The  available  water  capacity  is  low. 
Soil  reaction  is  mildly  alkaline  to  moderately  alkaline.  Areas  are 
subject  to  flooding  during  periods  of  high  water  runoff  or  when  ice 
jam  occurs  in  river. 

These  soils  are  used  for  small  grain,  hay,  and  pasture0  It  is 
also  used  for  residential  developments. 

The  mapping  unit  of  the  Velva  series  recognized  within  the  area 

is : 

(Va)  Velva  fine  sandy  loam,  0 to  2 percent  slopes 
YETULL  SERIES  (Ya) 

The  Yetull  series  consists  of  deep,  well  drained,  gently  rolling 
and  strongly  rolling  soils  on  terraces.  Typically,  Yetull  soils 
have  grayish  brown,  calcareous,  loamy  sand  surface  layers,  and 
light  brownish  gray,  calcareous,  loamy  coarse  sand  underlying  material. 
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Permeability  is  rapid.  The  available  water  capacity  is  low. 

Soil  reaction  is  mildly  alkaline  in  the  surface  layer  and  moderately 
alkaline  in  the  underlying  material.  Runoff  is  very  slow  and  soils 
have  very  severe  wind  erosion  hazard. 

Parts  of  mapping  unit  Yetull  loamy  sand, 

4 to  15  percent  slopes  (Ya) , are  predicted  to  be  subject  to  flooding 
during  a 100-year  frequency  flood. 

These  soils  are  used  mainly  for  hay,  pasture,  and  residential 
developments . 

The  mapping  unit  of  the  Yetull  series  in  this  area  is: 

(Ya)  Yetull  loamy  sand,  4 to  15  percent  slopes 

INTERPRETATIONS  OF  SOILS 

Interpretations  are  given  in  Table  I for  a number  of  uses.  The 
ratings  do  not  apply  to  small  areas  of  highly  contrasting  soils  within 
a mapping  unit.  For  this  reason  the  interpretations  will  not  eliminate 
the  need  for  on-site  investigations  and  testing  for  specific  design  and 
construction.  The  interpretations  can,  however,  be  useful  in  general 
land  use  planning,  in  assessing  hazards  and  development  problems,  in  com- 
paring different  areas  for  a specific  use,  and  in  planning  more  detailed 
investigations  at  selected  sites.  Interpretations  are  based  on  the  upper 
five  feet  of  soil  material  in  its  natural  state  unless  otherwise  rated. 

For  some  of  the  interpretations  in  Table  I,  soil  limitations  are 
indicated  by  the  ratings  slight,  moderate , and  severe.  Slight  means  soil 
properties  generally  are  favorable  for  the  use  or  limitations  are  minor 
and  easily  overcome.  Moderate  means  that  some  soil  properties  are 


limiting,  but  can  be  overcome  or  modified  by  special  planning  and  design. 


Severe  means  soil  properties  are  so  limiting  that  to  correct  or  overcome 


them  requires  major  soil  reclamation  or  special  design.  For  other  uses, 
such  as  topsoil,  suitability  is  rated  by  the  terms  good,  fair,  and  poor, 
which  have  meanings  approximately  parallel  to  the  terms  slight,  moderate, 
and  severe.  For  other  uses,  no  rating  is  given,  but  important  soil 
features  to  be  considered  in  planning,  installation,  or  maintenance  are 
listed.  Where  ratings  such  as  moderate,  severe,  fair,  or  poor  are  used, 
the  main  limiting  features  are  given  by  number  (some  are  in  percent 
slope) . Definition  of  limiting  soil  features  indicated  by  numbers  are 
listed  on  page  56. 

Following  are  explanations  of  the  selected  uses  listed  in  the 
interpretation  table: 

Cropland — The  limitations  of  soils  for  cropland  are  based  on  the 
capacity  of  the  soil  to  produce,  without  excessive  soil  deterioration, 
economically  acceptable  yields  of  crops  commonly  grown  in  the  area. 
Droughtiness,  wetness,  erosion  hazard,  workability,  slope,  and  soil 
patterns  are  items  considered  in  evaluating  the  soils  for  cropland. 

Septic  Tank  Absorption  Fields — Septic  tank  absorption  fields  are  sub- 
surface systems  of  tile  or  perforated  pipe  that  distribute  effluent 
from  a septic  tank  into  natural  soil.  The  soil  material  from  a depth 
of  24  inches  to  five  feet  is  evaluated.  The  soil  properties  considered 
are  those  that  affect  both  absorption  of  effluent  and  construction  and 
operation  of  the  system.  Properties  that  affect  absorption  are 
permeability,  depth  to  water  table  or  rock,  and  susceptibility  to 
flooding.  Slope  is  a soil  property  that  affects  difficulty  of  layout 
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and  construction  and  also  the  risk  of  soil  erosion,  lateral  seepage, 
and  downslope  flow  of  effluent.  Large  rocks  or  boulders  increase 
construction  costs. 

Sewage  Lagoons — Sewage  lagoons  are  shallow  ponds  constructed  to  hold 
sewage  within  a depth  of  two  to  five  feet  long  enough  for  bacteria  to 
decompose  the  solids.  A lagoon  has  a nearly  level  floor.  The  sides, 
or  embankments,  are  of  soil  material  compacted  to  medium  density. 

The  pond  is  protected  from  flooding.  Soil  properties  are  considered  that 
affect  the  pond  floor  and  the  embankment.  Those  that  affect  the  pond 
floor  are  permeability,  organic  matter,  depth  to  gravel,  and  slope.  The 
soil  properties  that  affect  the  embankment  are  the  engineering 
properties  of  the  embankment  material  that  influence  the  ease  of 
excavation  and  compaction. 

Shallow  Excavations — Shallow  excavations  are  those  that  require  digging 
or  trenching  to  a depth  of  less  than  six  feet;  for  example,  excavations 
for  pipelines,  sewer  lines,  phone  and  power  transmission  lines,  base- 
ments, open  ditches,  and  cemeteries.  Desirable  soil  properties  are 
good  workability,  moderate  resistance  to  sloughing,  gentle  slopes, 
absence  of  rock  outcrops  or  big  stones,  and  freedom  from  flooding  or 
a high  water  table. 

Dwellings — Dwellings,  for  which  the  soils  are  given  limitation  ratings 
are  those  not  more  than  three  stories  high  and  that  are  supported  by 
foundation  footings  placed  in  undisturbed  soil.  The  features  that 
affect  the  rating  of  a soil  for  such  dwellings  are  those  that  relate 
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to  capacity  to  support  load  and  resist  settlement  under  load.  Soil 
properties  that  affect  capacity  to  support  load  are  wetness,  suscepti- 
bility to  flooding,  density,  plasticity,  texture,  frost  action  potential, 
and  shrink-swell  potential.  Those  that  affect  excavation  are  wetness, 
slope,  and  content  of  stones  and  rocks.  (On-site  investigations  are 
needed  for  interpretations  relevant  to  detailed  design  of  foundations 
and  to  specific  placement  of  buildings.) 

Local  Roads  and  Streets — Local  roads  and  streets  for  which  soil  ratings 
are  given  have  an  all-weather  surface  expected  to  carry  automobile 
traffic.  Roads  and  streets  should  have  a subgrade  consisting  of 
gravel,  crushed  rock,  or  compacted  soil  material  with  a surface  of 
gravel,  asphalt,  or  concrete.  They  are  graded  to  shed  water  and  have 
provisions  for  drainage. 

Soil  properties  that  most  affect  design  and  construction  of  roads 
and  streets  are  load-supporting  capacity,  stability  of  the  subgrade, 
and  the  workability  and  quantity  of  cut-and-fill  material  available. 
Wetness  and  flooding  affect  stability  of  the  material.  Slope,  depth 
to  hard  rock,  content  of  stones  and  rocks,  and  wetness  affect  ease 
of  excavation  and  amount  of  cut-and-fill  needed  to  reach  an  even  grade. 

Playgrounds — Playgrounds  are  areas  to  be  used  intensively  for  baseball, 
football,  badminton,  and  for  other  similar  organized  games.  These 
areas  are  subject  to  intensive  foot  traffic.  A nearly  level  surface, 
good  drainage,  and  a soil  texture  and  consistency  that  gives  a firm 
surface  generally  are  required.  Soil  suitability  for  growing  vegeta- 
tion is  an  important  consideration. 
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Paths  and  Trails — Paths  and  trails  include  local  and  cross-country 


footpaths,  trails,  and  bridle  paths.  It  is  assumed  that  these  areas 
will  be  used  as  they  occur  in  nature  and  that  little  or  no  soil  will 
be  moved  (excavated  or  filled) . Soil  features  that  affect  traffica- 
bility,  dust,  design,  and  maintenance  are  given  special  emphasis. 
These  include  soil  texture,  wetness,  slope,  and  coarse  fragments. 

Picnic  Areas  and  Campgrounds — Picnic  areas  and  campgrounds  are  areas 
used  for  tents  and  small  trailers  and  the  accompanying  activities  of 
outdoor  living  or  for  picnicking.  Foot  traffic  and  vehicle  traffic 
are  usually  more  intense  on  campgrounds  than  on  picnic  areas,  but  the 
two  require  about  the  same  kind  of  soil.  Well-drained,  moderately 
permeable  to  rapidly  permeable,  nearly  level  soils  with  texture  that 
provides  a firm  surface  are  ideal  for  picnic  areas  and  campgrounds. 
Soils  that  have  a high  clay  content,  those  that  are  very  slowly 
permeable  to  water,  those  that  have  a water  table  within  20  inches 
of  the  surface  during  the  season  of  use,  or  those  that  are  on  slopes 
of  more  than  15  percent  are  rated  as  severe.  It  is  assumed  that 
little  site  preparation  will  be  done  other  than  shaping  or  leveling 
for  tents  and  parking  areas.  Soils  should  be  suitable  for  heavy  foot 
traffic  and  limited  vehicular  traffic.  Suitability  for  growing  vege- 
tation is  an  important  consideration. 

Road  Fill — The  suitability  ratings  reflect  (1)  the  predicted  perform- 
ance of  soil  after  it  has  been  placed  in  an  embankment  that  has  been 
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properly  compacted  and  provided  with  adequate  drainage  and  (2)  the 
relative  ease  of  excavating  the  material  at  borrow  areas. 

Topsoil — Topsoil  is  used  for  topdressing  an  area  where  vegetation  is 
to  be  established  and  maintained.  Suitability  is  affected  mainly  by 
ease  of  working  and  spreading  the  soil  material,  as  for  preparing  a 
seedbed;  natural  fertility  of  the  material  or  the  response  of  plants 
when  fertilizer  is  applied;  and  absence  of  substances  toxic  to  plants. 
Texture  of  the  soil  material  and  its  content  of  stone  fragments  are 
characteristics  that  affect  suitability,  but  also  considered  in  the 
ratings  is  the  damage  that  will  result  at  the  area  from  which  topsoil 
is  taken. 

Dikes,  Levees,  and  Embankments — Dikes,  levees,  and  other  embankments 
for  retention  of  water  require  soil  material  resistant  to  seepage  and 
piping  and  of  favorable  stability;  shrink-swell  potential;  shear 
strength;  and  compactibility . Presence  of  stones  or  organic  material 
in  a soil  are  among  factors  that  are  unfavorable. 

Drainage — Drainage  is  affected  by  such  soil  properties  as  permeability, 
texture,  and  structure;  depth  to  claypan,  rock,  or  other  layers  that 
influence  rate  of  water  movement;  depth  to  the  water  table;  slope, 
stability  in  ditch  banks;  susceptibility  to  stream  overflow;  salinity 
or  alkalinity;  and  availability  of  outlets  for  drainage. 

Irrigation — Irrigation  of  a soil  is  affected  by  such  features  as  slope, 
susceptibility  to  stream  overflow,  water  erosion  or  soil  blowing,  soil 
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texture,  contents  of  stones,  accumulations  of  salts  and  alkali,  depth 
of  root  zone,  rate  of  water  intake  at  the  surface,  permeability . of 
soil  layers  below  the  surface  layer,  amount  of  water  held  available 
to  plants,  and  need  for  drainage  or  depth  to  water  table  or  bedrock. 
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LIMITING  SOIL  FEATURES  INDICATED  BY  NUMBER  IN  TABLE  1 


1.  Flooding  or  ponding  hazard 

2.  Seasonally  high  water  table  2 to  4 feet  below  the  surface 

3.  Gently  sloping  to  strongly  sloping 

4.  Permeability  is  more  than  2.0  inches/hr. 

5.  Moderate  permeability  (0.60  to  2.0  inches/hr.) 

6.  Moderately  slow  permeability  (0.20  to  0.60  inches/hr.) 

7.  Slow  permeability  (less  than  0.20  inches/hr.) 

8.  Erosion  hazard 

9.  High  potential  frost  action 

10.  Moderate  shrink-swell  potential 

11.  High  shrink-swell  potential 

12.  Unfavorable  clay  content 

13.  Slippery  and  sticky  when  wet  and  slow  to  dry 

14.  Seepage  and  piping  hazards 

15.  Salinity  and  alkalinity  limitations 

16.  Sandy  soil  textures 

17.  Coarse  fragments  (gravels,  cobbles,  or  stones) 
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USES 

Soil  Features  Affecting: 


Dikes,  Levees,  Embankments 


Drainage 


Irrigation 


Poor  stability;  highly  erosive 


Permeability  less 
than  .06  in/hr. 


Permeability  less  than  .06  in/hr; 
moderate  or  strong  alkalinity 


Piping  hazard  in  materials 
in  upper  two  feet 

Medium  to  low  shear  strength;  fair 
to  good  compaction  characteristics 

Medium  to  low  shear  strength;  fair 
to  good  compaction  characteristics 

Low  shear  strength;  moderate  or 
high  shrink-swell  potential 

Low  shear  strength;  moderate  or 
high  shrink-swell  potential 

High  shrink-swell;  poor  compac- 
tion; low  shear  strength 

High  shrink-swell;  poor  compac- 
tion; low  shear  strength 


Permeability  less  than  .6 
in/hr  below  24  inches 

Permeability  0.2-.6  in/hr 
Permeability  0.2-.6  in/hr 
Permeability  .06-. 2 in/hr 
Permeability  .06-. 2 in/hr 


Permeability  less  than 
.20  in/hr 

Permeability  less  than 
.20  in/hr 


Undulating  topography;  potential 
salinity  and  alkalinity  build-up 

Permeability  0.2-.6  in/hr 


Permeability  0.2-.6  in/hr; 

2-8%  slopes 

Permeability  .06-. 2 in/hr 
Permeability  .06-. 2 in/hr 
Permeability  less  than  .20  in/hr 
Permeability  less  than  .20  in/hr 


High  shrink-swell;  poor  compac- 
tion; low  shear  strength 

Poor  resistance  to  piping 


High  shrink-swell;  poor  com- 
paction 

Permeability  more  than  20  in/hr; 
high  susceptibility  to  piping 

Low  resistance  to  piping 


Low  resistance  to  piping 


Permeability  less  than  Permeability  less  than  .20  in/hr 

.20  in/hr 

Permeability  6.0-20  in/hr  Permeability  6.0-20  in/hr 

Permeability  less  than  .06  in/hr 


Permeability  less  than 
.06  in/hr;  outlets  diffi- 
cult to  establish 

Flooding  hazard 


All  features  favorable 


All  features  favorable 


Permeability  more  than  20  in/hr; 
flooding  hazard 

Permeability  2. 0-6.0  in/hr 
Permeability  2. 0-6.0  in/hr 


Low  resistance  to  piping 
Low  resistance  to  piping 


Permeability  0. 6-2.0  in/hr  All  features  favorable 


Permeability  0. 6-2.0  in/hr  All  features  favorable  on  less 
than  4%  slopes;  erosion  hazard 
over  4%  slopes 


Low  resistance  to  piping 
High  susceptibility  to  piping 


All  features  favorable  Permeability  0. 6-2.0  in/hr 


All  features  favorable  Low  available  water  capacity; 

severe  wind  erosion  hazard 
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TABLE  I 


SAN 

D COULEE 

CREEK 

CASCADE 

FLOOD  HAZARD 

COUNTY,  MONTANA 

ANALYSIS 



D 

d Kind 

2/ 

TABLE  0 

of  Limita 

F SOIL  I 

t i o n For: 

N T E R P R 

E T A T I 0 N 

S FOR  S 

ELECTED 

USES 

Soil  Series 
and 

Map  Symbols 

Cropland 

Septic  Tank 
Absorption 
Fields 

Sewage  Lagoons 

Shallow 

Excavations 

Dwellings 

With 

Basements 

Dwellings 

Without 

Basements 

Local  Roads 
Streets  and 
Parking  Areas 

Playgrounds 

Paths 

Trails 

Picnic  Areas 
and 

Campgrounds 

Road  Fill 

Topsoil 

Dikes,  Levees,  Embankments 

Drainage 

Absher 

Fc 

Severe  1, 
11,  12,  15 

Severe  1,  7, 
12 

Severe  1 

Severe  1, 
12 

Severe  1, 

9 

Severe  1, 

9 

Severe  1,  9 

Severe  12,  7 

Severe  12 

Severe  7,  12 

Poor  9 

Poor  12,  15 

Poor  stability;  highly  erosive 

Permeability  less 
than  .06  in/hr. 

Permeability  less  than  .06  In/hr; 
moderate  or  strong  alkalinity 

2/ 

Dooley  — 
Da 

Moderate 
8.  16 

Severe  6 

Slight 

Moderate  12 

Moderate 
9,  10 

Moderate 
9,  10 

Severe  9 

Slight 

Slight 

Slight 

Poor  9 

Good 

Piping  hazard  in  materials 
in  upper  two  feet 

Permeability  less  than  .6 
in/hr  below  24  inches 

Undulating  topography;  potential 
salinity  and  alkalinity  build-up 

Fergus 
Fa,  Fc 

Moderate  1 

Severe  1,  6 

Severe  1 

Severe  1,  12 

Severe  1, 

9 

Severe  1, 

9 

Severe  1,  9 

Moderate  12,  6 

Moderate 

Moderate  6, 
12 

Poor  9 

Fair  12 

Medium  to  low  shear  strength;  fair 
to  good  compaction  characteristics 

Permeability  0.2-.6  in/hr 

Permeability  0.2-.6  In/hr 

3/ 

Fergus  - 
Fb 

Moderate  3 

Severe  6 

Slight 

Severe  12 

Severe  9 

Severe  9 

Severe  9 

Moderate  6,  12 

Moderate 

12 

Moderate  1, 
12 

Poor  9 

Fair  12 

Medium  to  low  shear  strength;  fair 
to  good  compaction  characteristics 

Permeability  0.2-.6  in/hr 

Permeability  0.2-.6  in/hr; 
2-87.  slopes 

Gerber 
C a 

Moderate  1 

Severe  1 , 7 

Severe  1 

Severe  1 , 12 

Severe  1, 

9 

Severe  1, 

9 

Severe  9,  10 

Moderate  7,  12 

Moderate 

12 

Moderate  7 , 
12 

Poor  11 

Poor  12 

Low  shear  strength;  moderate  or 
high  shrink-swell  potential 

Permeability  .06-. 2 in/hr 

Permeability  .06-. 2 in/hr 

3/ 

Gerber  ~ 
C b 

Moderate  12 

Severe  7 

Slight 

Severe  12 

Severe  9 

Severe  9 

Severe  11 

Moderate  7,  12 

Moderate 

12 

Moderate  7 , 
12 

Poor  11 

Poor  12 

Low  shear  strength;  moderate  or 
high  shrink-swell  potential 

Permeability  .06-. 2 in/hr 

Permeability  .06-. 2 in/hr 

3/ 

Lawther  ~ 
La 

Moderate  12 

Severe  7 

Slight 

Severe  12 

Severe  11, 

Severe  11, 

Severe  11 

Severe  7,  12, 
13 

Severe 

12 

Severe  7,  12, 
13 

Poor  11 

Poor  12,  13 

High  shrink-swell;  poor  compac- 
tion; low  shear  strength 

Permeability  less  than 
.20  in/hr 

Permeability  less  than  .20  in/hr 

2/ 

Lawther  — 
Lb 

Moderate  or 
Severe  12,  3 

Severe  7 

Slight,  27. 
slopes;  Moder- 
ate, 2-77. 
slopes;  Severe, 
77.  slopes 

Severe  12 

Severe  11, 

Severe  11 

Severe  11 

Severe  7,  12, 
13 

Severe 
12,  13 

Severe  7,  12, 
13 

Poor  11 

Poor  12,  13 

High  shrink-swell;  poor  compac- 
tion; low  shear  strength 

Permeability  less  than 
.20  in/hr 

Permeability  less  than  .20  in/hr 

Lawther 

Lc 

Moderate  1, 
12 

Severe  1 , 7 

Severe  1 

Severe  1,  12 

Severe  1 , 
11 

Severe  1, 
11 

Severe  1,  11 

Severe  7,  12, 
13 

Severe 
12,  13 

Severe  7 , 12, 
13 

Poor  11 

Poor  12,  13 

High  shrink-swell;  poor  compac- 
tion; low  shear  strength 

Permeability  less  than 
.20  in/hr 

Permeability  less  than  .20  in/hr 

3/ 

Lihen- 

Ld 

Severe  8 

Slight  -1 

Severe  1/  4 

Severe  16 

Slight 

Slight 

Slight 

Moderate  16 

Moderate 

16 

Moderate  16 

Good 

Poor  16 

Poor  resistance  to  piping 

Permeability  6.0-20  in/hr 

Permeability  6.0-20  in/hr 

McKenzie 

Ma 

Severe  1,  12 

Severe  1 , 7 

Severe  1 

Severe  1,  12 

Severe  1 , 
11 

Severe  1, 
11 

Severe  1,  9, 
11 

Severe  1,  12, 
13 

Severe  1, 
12,  13 

Severe  12,  13 

Poor  11 

Poor  12,  13 

High  shrink-swell;  poor  com- 
paction 

Permeability  less  than 
.06  in/hr;  outlets  diffi- 
cult to  establish 

Permeability  less  than  .06  ln/hr 

Rivra 

Ra 

Severe  1,  2 

Severe  1,  2, 
14 

Severe  1,  4, 
14 

Severe  1,  2, 
16 

Severe  1, 

2 

Severe  1, 

2 

Severe  1 

Moderate  1, 
17 

Moderate 

1 

Severe  1 

Good 

Poor  16,  17 

Permeability  more  than  20  in/hr; 
high  susceptibility  to  piping 

Flooding  hazard 

Permeability  more  than  20  in/hr; 
flooding  hazard 

3/ 

Tally  “ 
Ta 

Moderate  16, 
8 

Slight  1/ 

Severe 
4,  14 

Slight 

Severe  9 

Severe  9 

Severe  9 

Slight 

Slight 

Slight 

Poor  9 

Good 

Low  resistance  to  piping 

All  features  favorable 

Permeability  2. 0-6.0  in/hr 

Tally  ~ 
Tb 

Moderate  3, 
16,  8 

Slight,  0-87. 
slopes;  Moder- 
ate, 8-157. 
slopes 

Severe  4,  14 

Slight,  0-87. 
slopes;  Mod- 
erate, 8-157. 
slopes 

Severe  9 

Severe  9 

Severe  9 

Moderate,  2-6 
7.  slopes; 
Severe,  67.+ 
slopes 

Slight 

Slight  0-87. 
slopes;  Mod- 
erate, 8-157. 
slopes 

Poor  9 

Good 

Low  resistance  to  piping 

All  features  favorable 

Permeability  2. 0-6.0  ln/hr 

Twin  Creek 
Tc 

Moderate  1 

Severe  1 

Severe  1 

Severe  1 

Severe  1, 

9 

Severe  1, 

9 

Severe  1,  9 

Slight 

Slight 

Slight 

Poor  9 

Good 

Low  resistance  to  piping 

Permeability  0. 6-2.0  in/hr 

All  features  favorable 

Twin  Creek 
Td 

Moderate  1,  3 

Severe  1 

Severe  1 

Severe  1 

u 

Severe  1, 

9 

Severe  1, 

9 

Severe  1 , 9 

Moderate, 
2-6%  slopes; 
Severe,  67.+ 
slopes 

Slight 

Slight,  0-87. 
slopes 

Poor  9 

Good,  0-87. 
slopes 

Low  resistance  to  piping 

Permeability  0. 6-2.0  in/hr 

All  features  favorable  on  less 
than  47.  slopes;  erosion  hazard 
over  47.  slopes 

Velva 

Va 

Moderate  8, 
16 

Severe  1 

Severe  1,  4, 
14 

Moderate  1 

Severe  1 , 

9 

Severe  1, 

9 

Severe  9 

Slight 

Slight 

Slight 

Poor  9 

Good 

Low  resistance  to  piping 

All  features  favorable 

Permeability  0. 6-2.0  ln/hr 

3/ 

Yetull 

Ya 

Severe  8,  16 

Slight  y 14 

Severe  —^4, 
14,  16 

Severe  16 

Slight 

Slight 

Slight 

Moderate  16 

Moderate 

16 

Moderate  16 

Good 

Poor  16 

High  susceptibility  to  piping 

All  features  favorable 

Low  available  water  capacity; 
severe  wind  erosion  hazard 

_!/  Potential  ground  water  pollution  hazard. 


_2/  The  100-year  flood  frequency  prediction  affects  all  or  only  a portion  of  these  soils.  These 
flooded  areas  have  a severe  degree  of  limitation  for  most  urban-related  land  uses. 

_3/  The  100-year  flood  frequency  prediction  affects  some  parts  of  these  soils.  These  flooded 

areas  have  a severe  degree  of  limitation  for  most  urban-related  land  uses.  - 57- 


GLOSSARY 


Available  water  capacity — Available  water  capacity  is  the  amount  of 
water  held  in  the  soil  for  plant  growth  after  all  free  water 
has  drained  away.  It  is  expressed  in  inches  of  water  held  per 
five-foot  depth  of  soil. 


Inches/60-inch  Profile  Class 


0 to  3 Very  low 

3 to  6 Low 

6 to  9 Moderate 

9+  High 


Calcareous  Soil — Soil  containing  sufficient  calcium  carbonate  to 

effervesce  visibly  when  treated  with  0ol  normal  hydrochloric  acid. 

Clay — As  a soil  separate,  the  mineral  soil  particles  less  than  .002 

millimeters  in  diameter.  As  a soil  textural  class,  soil  material 
that  is  40  percent  or  more  clay,  less  than  45  percent  sand,  and 
less  than  40  percent  silt. 

Clay  loam — A soil  textural  class;  soil  material  that  has  27  to  40 
percent  clay  and  20  to  45  percent  sand. 

Erosion  hazard — Relative  susceptibility  of  the  soil  to  the  prevailing 
erosion  agents  of  water  and  wind. 

Fine  sandy  loam — A soil  textural  class;  soil  material  that  contains 
either  20  percent  clay  or  less  and  the  percentage  of  silt  plus 
twice  the  percentage  of  clay  exceeds  30,  and  52  percent  or  more 
sand;  or  less  than  7 percent  clay,  less  than  50  percent  silt, 
and  between  43  and  52  percent  sand. 
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Interpretation,  Soil — The  art  and  science  of  explaining  the  meaning 


or  significance  of  basic  soil  information  for  alternative  uses. 

Loam — A soil  textural  class  having  7 to  27  percent  clay,  28  to  50 
percent  silt,  and  less  than  52  percent  sand. 

Loamy  sand — A soil  textural  class  having  25  percent  or  more  very 

coarse,  coarse  and  medium  sand,  and  less  than  50  percent  fine 
or  very  fine  sand. 


Mapping  Unit — It  is  composed  of  one  or  more  soils  having  defined 
properties.  Included  are  areas  of  other  soils. 


Permeability— The  rate  at  which  water  will  move  downward  through  a 

saturated  soil.  Terms  used  to  describe  relative  classes  of  soil 


permeability  are  as  follows: 


Class 


Rate  of  Measurement  Through  Soil  (Inches  per  hr.) 


Very  slow 
Slow 

Moderately  slow 
Moderate 

Moderately  rapid 
Rapid 

Very  rapid 


Less  than  0.06 
0.06  to  0.20 
0.20  to  0.6 
0.6  to  2.0 

2.0  to  6.0 

6.0  to  20 
More  than  20 


Potential  for  Frost  Action — Potential  for  frost  action  refers  to  the 
heaving  of  soils  upon  freezing  as  a result  of  the  formation  of 

ice  crystals  or  lenses  in  the  soil.  This  is  verv  noticeable 
in  the  spring  when  the  freezing  and  thawing  is  the  most  intense. 
The  intensity  of  the  problem  is  associated  with  soil  and  drainage 
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characteristics.  Values  of  high,  moderate,  and  low  are  used 
to  rate  this  soil  hazard  for  soils  with  a potential  for  frost 
action. 

Reaction — The  degree  of  acidity  or  alkalinity  of  the  soil,  usually 
expressed  as  a pH  value.  The  following  reaction  classes  are 
recognized : 


Runoff — The  removal  of  water  by  flow  over  the  surface  of  the  soil. 

The  amount  and  rapidity  of  surface  runoff  are  affected  by  the 
texture,  structure,  and  porosity  of  the  surface  layer,  by  the 
vegetative  covering,  by  the  prevailing  climate,  and  by  the  slope. 
The  rate  of  surface  runoff  is  expressed  as  follows:  ponded, 

very  slow,  slow,  medium,  rapid,  and  very  rapid. 

Sand — Individual  rock  or  mineral  fragments  having  diameters  ranging 
from  0.05  millimeters  to  2.0  millimeters.  Sand  grains  consist 
chiefly  of  quartz,  but  they  may  be  of  any  mineral  composition. 

As  a textural  class,  soil  that  is  85  percent  or  more  sand  and 
not  more  than  10  percent  clay. 

Series,  soil — A group  of  soils  developed  from  a particular  type  of 
parent  material  and  having  genetic  horizons  that,  except  for 
texture  of  the  surface  soil,  are  similar  in  differentiating 
characteristics  and  in  arrangement  in  the  profile. 


Slightly  acid 
Neutral 

Mildly  alkaline 
Moderately  alkaline 
Strongly  alkaline 


pH  6.1  to  6.5 
pH  6.6  to  7.3 
pH  7.4  to  7.8 
pH  7.9  to  8.4 
pH  8.5  to  9.0 
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Shrink-swell  potential — Shrink-swell  potential  is  the  potential 


volume  change  of  a wet  soil  compared  to  the  same  soil  when  dry. 
The  volume  change  behavior  of  soils  is  influenced  by  the  amount 
and  kind  of  clay  present  in  the  soil.  In  general,  soils  of  clay 
texture  have  a high  shrink-swell  potential,  whereas  soils  having 
high  sand  and  gravel  content  with  small  amounts  of  clay  and  silt 
have  a low  shrink-swell  potential. 

Silt  loam — A soil  textural  class;  soil  material  that  has  50  percent 
or  more  silt  and  12  to  27  percent  of  clay. 

Slope — The  rise  or  fall  of  the  land  surface  measured  in  feet  per 
hundred  feet  distance  and  expressed  in  percent. 

Soil  Series  and  Map  Symbols — Each  kind  of  soil  is  listed  separately 
by  series.  The  map  symbol  (such  as  Da)  designates  the  mapping 
unit  in  which  a given  series  occurs. 

Subsoil — Technically,  the  B horizon;  roughly,  the  part  of  the  profile 
below  plow  depth. 

Substratum — Any  layer  beneath  the  solum  or  true  soil. 

Surface  Layer — The  soil  ordinarily  moved  in  tillage  or  its  equivalent 
in  uncultivated  soil  (about  5 to  8 inches  in  thickness) . 

Terrace  (Geologic) — An  old  alluvial  plain,  ordinarily  nearly  level  or 
undulating,  bordering  a river  or  stream. 
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Texture,  Soil — The  relative  proportions  of  sand,  silt,  and  clay 

particles  in  a mass  of  soil.  The  basic  textural  classes  used 
in  this  survey  in  order  of  increasing  proportion  of  fine  parti- 
cles are  loamy  sand,  loamy  fine  sand,  sandy  loam,  fine  sandy 
loam,  loam,  silt  loam,  sandy  clay  loam,  clay  loam,  silty  clay 
loam,  silty  clay  and  clay. 
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APPENDIX  B 


SUPPLEMENTARY  TABLES 
AND 

BENCH  MARK  DOCUMENTATION 


TABLE  2 


FLOOD  FREQUENCY  DISCHARGE 
FOR 

SELECTED  CROSS  SECTIONS 


Cross  Section 

10-Year 

50-Year 

100-Year 

500-Yea] 

Number 

(cfs) 

(cfs) 

(cfs) 

(cfs) 

SAND 

COULEE  CREEK 

2 

2970 

6310 

8170 

13182 

14 

3051 

6424 

8286 

13213 

19 

3161 

6503 

8318 

13214 

24 

2842 

5812 

7440 

11773 

30 

2697 

5482 

7029 

11076 

31 

2472 

5122 

6579 

10352 

32 

2260 

4757 

6114 

9 53  5 

42 

2257 

4793 

6160 

9530 

45 

2215 

4717 

6068 

9394 

57 

2057 

4364 

5611 

8629 

COTTONWOOD  CREEK 

60 

1266 

2727 

3527 

5496 

64 

1252 

2694 

3500 

5446 

67 

670 

1383 

1773 

2687 

77 

656 

1355 

1725 

2620 

78 

103 

221 

285 

453 

83 

103 

221 

285 

453 

SAND 

COULEE  FORK 

46A 

239 

560 

730 

1215 

86 

260 

620 

800 

1290 

98 

260 

620 

800 

1290 
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ELEVATIONS  OF  VARIOUS  FREQUENCY  FLOODS 
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* Flood  elevations  shown  for  this  section  pertain  only  to  streamflow  in  the  main  channel 
**  (S)  = south  side  of  railroad;  (N)  = north  side  of  railroad. 
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TABLE  3 (Continued) 

ELEVATIONS  OF  VARIOUS  FREQUENCY  FLOODS  FOR  SAND  COULEE  CREEK 
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Flood  elevations  shown  for  this  section  pertain  only  to  streamflow  in  the  main  channel. 
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*Flood  elevations  shown  for  this  section  pertain  only  to  streamflow  in  the  main  channel. 
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TABLE  6 — BRIDGE  DATA  AND  FLOOD  ELEVATION  FOR  SAND  COULEE  CREEK  (Continued) 
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SAND  COULEE  CREEK  FLOOD  HAZARD  STUDY 
COAST  AND  GEODETIC  SURVEY  BENCH  MARKS 
(USED  FOR  THIS  SURVEY) 


Bench  Mark  No.  C-165 
Elevation  3,329.862 
Description: 

About  4.6  miles  southeast  along  the  Burlington  Northern  Railway 
from  the  station  at  Great  Falls,  in  section  25,  T20N,  R3E,  0.1  mile 
southwest  of  the  Ayshire  Dairy  Barns,  at  a private  road  crossing  and 
11  poles  southeast  of  milepost  220,  46  feet  northeast  of  the  north- 
east rail,  21  feet  northwest  of  the  center  line  of  the  private  road, 
11  feet  west  of  a power  pole  braced  by  a guy  wire,  1-1/2  feet  south- 
west of  a fence,  1.4  feet  northwest  of  a metal  witness  post,  about 
level  with  the  road,  about  5 feet  below  the  level  of  the  rail,  and 
set  in  the  top  of  a concrete  post  projecting  4 inches. 


Bench  Mark  No.  D-165 
Elevation  3,338.930 
Description: 

About  5.0  miles  west  along  the  Burlington  Northern  Railway  from 
the  station  sign  at  Gerber,  or  6.5  miles  southeast  along  the  Burlington 
Northern  Railway  from  the  station  at  Great  Falls,  in  section  29, 

T20N,  R4E,  at  a road  crossing  and  6 poles  east  of  milepost  218,  46 
feet  north  of  the  north  rail,  53  feet  west  of  the  center  line  of  a 
road  leading  north,  34  feet  southeast  of  a steel  tower  for  a power 
line,  14-1/2  feet  northwest  of  a telephone  pole,  1-1/2  feet  south  of 
a fence,  1.4  feet  west  of  a metal  witness  post,  about  1 foot  below 
the  level  of  the  track,  and  set  in  the  top  of  a concrete  post  pro- 
jecting 2 inches. 


Bench  Mark  No.  D-40 
Elevation  3,336.023 
Description : 

About  5.7  miles  southeast  along  the  Burlington  Northern  Railway 
from  the  station  at  Great  Falls,  or  5.8  miles  west  along  the  Burlington 
Northern  Railway  from  the  station  sign  at  Gerber,  in  section  30, 

T20N , R4E,  13  poles  east  of  milepost  219,  about  150  feet  north-northwest 
of  and  across  a private  road  from  the  northwest  corner  of  a farmhouse, 

41  feet  south  of  the  south  rail,  49  feet  southwest  of  the  center  of 
a private  road  crossing,  50  feet  north  of  the  center  line  of  a graveled 
road  that  parallels  the  track,  1.2  feet  north  of  a metal  witness  post,  about 
4 feet  above  the  level  of  the  road,  about  2 feet  below  the  level  of  the 
track,  and  set  in  the  top  of  a concrete  post  flush  with  the  ground. 
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Bench  Mark  E-40 
Elevation  3,349.039 
Description : 

About  4.0  miles  west  along  the  Burlington  Northern  Railway  from 
the  station  sign  at  Gerber,  in  section  28,  T20N,  R4E,  4 poles  west 
of  the  railroad  siding  which  was  formerly  Fields,  37-1/2  feet  north- 
east of  the  6th  pole  east  of  milepost  217,  53  feet  north  of  the 
north  rail  of  the  main  track,  set  in  the  top  of  a rock  ledge,  37-1/2 
feet  north  of  the  north  rail  of  a side  track,  21  feet  north  of  a 
fence,  about  2 feet  above  the  level  of  the  track,  and  flush  with  the 
ground . 


Bench  Mark  E-165 
Elevation  3,350.102 
Description : 

About  3.0  miles  west  along  the  Burlington  Northern  Railway 
from  the  station  sign  at  Gerber,  in  section  27,  T20N,  R4E , 7 poles 
east  of  milepost  216,  42  feet  north  of  the  north  rail,  11-1/2  feet 
north  of  a telephone  pole,  1-1/2  feet  south  of  a fence,  1.8  feet  west 
of  a metal  witness  post,  about  5 feet  below  the  level  of  the  track, 
and  set  in  the  top  of  a concrete  post  projecting  4 inches. 


Bench  Mark  G-40 
Elevation  3,383,320 
Description : 

About  0.1  mile  east  along  the  Burlington  Northern  Railway  from 
the  station  sign  at  Gerber,  in  section  25,  T20N , R4E,  9-1/2  poles 
east  of  milepost  213,  5-1/2  feet  north  of  the  north  rail,  set  in  the 
top  of  the  north  end  of  the  west  concrete  abutment  of  a bridge  over 
Gerber  Creek,  and  about  1-1/2  feet  below  the  level  of  the  track. 


Bench  Mark  TCB-8-1953 
Elevation  3,426.033 
Description: 

Centerville,  2.2  mi.  N.  of  high  school  along  Gerber  Branch  of 
the  Burlington  Northern  Railway  (or  asphalt  county  road) ; near  NE 
corner  Sec.  12,  T19N,  R4E ; 112  ft.  W and  0.9  ft.  higher  than  W rail 
of  railway;  46  ft.  W and  4.5  ft.  lower  than  asphalt  county  road; 

115  ft.  S of  farm  entrance;  17  ft.  S of  fence  corner;  2 ft„  E of 
fence;  in  concrete  post  projecting  5 in.  above  ground;  standard 
tablet  stamped,  "TCB  8 1953  3426". 
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Bench  Mark  TCB  7 1953 
Elevation  3,473.805 
Description : 

Centerville,  at  schoolhouse;  near  NE  comer  of  Sec.  19,  T19N , 

R5E;  200  ft.  NW  OF  NW  corner  of  school  building;  39  ft.  W and  0.3  ft. 
higher  than  W rail  of  Gerber  Branch  of  the  Burlington  Northern  Railway 
44  ft.  E and  2.4  ft.  lower  than  center  line  of  asphalt  S tockett-Sand 
Coulee  road;  303  ft.  S of  gravel  Spring  Creek  road;  in  concrete  post 
6 in.  above  ground;  standard  tablet  stamped,  "TCB  7 1953  3474". 

Bench  Mark  TCB  11  1953 
Elevation  3,670.881 
Description : 

Stockett,  southern  edge;  near  S 1/4  cor.  Sec.  36,  T19N,  R4E, 
where  road  S begins  upgrade;  31  ft.  E and  2.7  ft.  higher  than  road; 

67  ft.  N of  shallow  drain;  84  ft„  SE  of  fence  corner;  in  large  rock; 
standard  tablet  stamped,  "TCB  11  1953  3671". 


I » 
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SAND  COULEE  CREEK  FLOOD  HAZARD  ANALYSIS 


TBM  DESCRIPTIONS 


1/ 
TBM  - 

Number 

2/ 

MSL 

Elevation 

Description 

1 

3327.01 

On  top  of  pier  painted  red  on  NW  corner  of  Sand 
Coulee  Creek  bridge.  First  bridge  south  of 
Ayrshire  Dairy. 

2 

3330.01 

On  top  of  iron  anchor  post  for  corner  post 
on  NW  corner  of  first  intersection  south  of 
first  bridge  south  of  Ayrshire  Dairy. 

3 

3321.67 

On  point  of  large  white  rock  on  SW  corner  of 
bridge  over  Sand  Coulee  Creek  on  River  Drive, 
Sec.  36,  T20N,  R3E. 

4 

3326.40 

On  2x2  hub  by  brown  corner  post  on  SE  corner 
of  bridge  to  Christenson  house. 

5 

3333.17 

On  2x2  hub  set  by  R/W  fence  21’  north  of  cross 
section  11  and  120'  west  of  fence  running  south 
from  highway. 

20-A 

3344.71 

On  SE  corner  of  bridge  deck,  first  bridge  east 
of  Fields. 

21- A 

3345.31 

On  1x2  hub  on  south  side  of  county  road,  3,250' 
east  of  Fields,  or  30'  west  of  power  pole 
west  of  white  bridge,  Sec.  33,  T20N,  R4E. 

22-A 

3345.64 

On  NW  wing  of  white  bridge  across  Sand  Coulee 
Creek  on  first  road  south  off  county  road 
east  of  Fields  (known  as  Goon  Grade) . 

23-A 

3350.54 

On  end  of  bottom  bolt  in  power  pole  that  has 
brace  anchor  pole  on  north  side  of  road,  first 
one  east  of  TBM  22-A. 

24-A 

3350.54 

On  end  of  SW  wing  wall  on  3rd  bridge  east  of 
Fields  o 
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TBM  DESCRIPTIONS  FOR  SAND  COULEE  CREEK 


1/ 

TBM  “ 
Number 

2 5-A 
26-A 
21 -k 

30- A 

31- A 


32- A 

33- A 

34- A 

35- A 


2/ 

MSL  ~ 

Elevation 


Description 


3358.65 


On  point  of  large  rock  in  NE  corner 
intersection  165'  south  of  south  RR 
SE  h Sec.  27,  T20N,  R4E. 


of  road 
rail  in 


3361.81  On  top  of  south  end  of  pipe  under  RR;  first 
pipe  east  of  point  of  hill  ^ mile  west  of 
Lyman  Ranch  feedlot. 

3372.29  On  top  of  east  end  of  12"  metal  pipe  under  entrance 
drive  to  power  station  about  500  feet  east  of 
Lyman  Ranch  house  on  east  line  of  Sec.  26,  T20N, 
R4E. 


3385.54 


On  SW  wing  of  2nd  RR  bridge  east  of  Gerber,  1,300' 
west  of  section  corner  2_5__30.  T20N,  R4E-R5E. 

36  131 


3388.56  On  south  side  of  concrete  footing  for  RR  signal 
on  south  side  of  main  line  of  BN  RR  at  crossing 
on  Stockett-Sand  Coulee  Road;  % mile  east  of 


Gerber,  200'  north  of  section 

corner  25 

30 

T20N,  R4E-R5E. 

36 

31 

3390.23  On  large  boulder  on  west  side  of  highway  to 

Tracy.  On  south  end  of  first  highway  curve  east 
of  Gerber.  Center,  N^  Sec.  31,  T20N,  R5E. 

3396.01  On  NE  corner  of  concrete  box  in  NW  corner  of 

hayfield  on  SE  corner  of  road  intersection  and 
RR  crossing  approximately  2 miles  north  of 
Tracy.  SW^,  Sec.  31,  T20N,  R5E. 


3398.29  On  point  of  large  sandstone  rock  on  west  side 
of  highway  50'  north  of  driveway,  2nd  set  of 
buildings  south  of  RR  crossing,  NW^,  Sec.  6, 
T19N,  R5E. 


3412.77  On  top  of  highway  R/W  marker  on  west  side  of 

highway  north  of  driveway  to  multi-colored  house 
one  mile  north  of  Tracy.  Center,  Wh,  Sec.  6, 
T19N,  R5E. 
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TBM  DESCRIPTIONS  FOR  SAND  COULEE  CREEK 


1/ 
TBM  - 

Nvnnber 


2/ 

MSL  ~ 

Elevation 


Description 


36-A 


3425.48 


On  top  of  R/W  marker  in  center  of  "Y"  of  highways 
at  Tracy— Sec.  12,  T19N,  R4E 


l 


42- B  3409.04  On  west  end  of  culvert  under  RR  30'  south  of  cross 

section  39,  SW*4,  Sec.  6,  T19N,  R5E. 

43- B  3415.65  On  bolt  head  of  east  rail  splice  on  BN  RR  on 

cross  section  40,  SW*5,  Sec.  6,  T19N,  R5E. 

44- B  3420.25  On  bolt  head  on  west  rail  splice,  on  BN  RR  20’  east 

of  cross  section  41,.  NE*s,  Sec.  12,  T19N,  R4E 


45- B  3425.81  On  large  flat  rock  by  old  round  post,  40'  west 

of  RR  track,  100'  north  of  white  house  with 
pink  trim  at  north  edge  of  Tracy,  Sec.  12, 

T19N,  R4E. 

46- B  3428.19  On  nut  on  first  rail  splice  on  east  rail  of  track  on 

south  side  of  crossing  on  Blaine  Street  in  Tracy, 
Sec.  7,  T19N,  R5E. 

47- B  3432.38  On  top  of  NW  end  of  abutment  beam  under  RR 

bridge,  1st  bridge  south  of  Tracy  on  Sand  Coulee  Cr. 
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.-OR  SAND  COULEE  CREEK 


48-B 


49-B 


50-B 


51-B 


52-B 


53-B 


54-B 


55-B 


2/ 

MSL  - 

Elevation 


Description 


3437.79  On  point  of  large  sandstone  rock  by  base  of 

power  pole  in  NW  corner  of  highway  intersection 
1 mile  south  of  Tracy — E^,  Sec.  13,  T19N,  R4E. 


3442.91  On  R/W  marker  on  south  side  of  pavement,  18*  east 
of  telephone  pole.  Also,  south  of  a green  house 
with  red  trim  that  is  on  north  side  of  pavement. 
Wh,  Sec.  18,  T19N , R5E. 


3448.46  On  highway  R/W  marker  on  south  side  of  highway 
where  highway  starts  around  hill. 

NE%,  SW^,  Sec.  18,  T19N,  R5E . 

3467.91  On  top  of  west  end  of  2’  corrugated  metal  pipe 
under  highway,  95'  south  of  white  house  with 
brown  trim  and  white  picket  fence  at  north  end 
of  Centerville  on  N.  sec.  line.  Sec.  19,  T19N, 
R5E. 


3480.01  On  white  rock,  2*  south  of  fence  south  of  old  RR 
grade  at  point  of  hill  approximately  1,000'  SW 
of  Centerville  School,  SW^,  NEh;,  Sec.  19,  T19N,  R5E. 


3485.75 


On  point  of  large  sandstone  rock  on  north  side  of 
RR  grade  4 inches  high.  200'  west  of  cross  section 


61. 


3518.57  On  large  flat  rock  between  RR  grade  and  highway 
1.5  miles  SW  of  Centerville  or  550'  SW  of  first 
highway  bridge  across  creek  SW  of  Centerville. 


3540.69  On  top  of  inlet  end  of  east  RCP  under  highway 

across  road  from  green  bldg.  1 mi.  north  of  Stockett. 
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TBM  DESCRIPTIONS  FOR  SAND  COULEE  CREEK 


1/  2/ 
TBM  - MSL  - 

Number  Elevation 

Description 

58-B  3576.55 

On  R/W  marker  on  south  side  of  highway  across 
from  old  machinery  on  SE  corner  of  intersection 
on  north  edge  of  Stockett. 

60-B  3638.14 

On  outlet  end  of  4'  RCP , 100'  E of  red  board 

fence  on  old  road  through  Stockett,  south  end  of  town 

near  cross  section  83. 

70-S  3449.32 

On  top  of  inlet  end  of  RCP  under  highway,  700'  north 
of  town  of  Sand  Coulee. 

71-S  3453.62 

Top  of  west  end  of  CMP  under  highway  at  street- 
highway intersection,  north  edge  of  the  town  of  Sand 
Coulee. 

73S  3470.28 

On  NW  corner  of  sidewalk  in  front  of  Sand  Coulee 
Post  Office. 

74-S  3477.81 

RR  spike  in  telephone  pole  in  NE  corner  of  inter- 
section where  highway  and  street  intersect, 
south  end  of  business  district  in  Sand  Coulee. 

7 5-S  3483.64 

On  top  inlet  end  of  RCP  in  center  of  "S"  curve  in 
highway,  south  end  of  business  district  in  Sand  Coulee. 

76-S  3492.55 

On  large  rock  on  NE  wing  of  white  bridge,  1st 
bridge  south  of  business  district  in  Sand  Coulee. 

1/  Temporary  Bench 

Mark  (TBM) 

_2 / Mean  Sea  Level  (MSL) 
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